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/2}MBi2Hv bQK2i?BM; iQ }M/X
ě `MQH/ a+?Q2M#2`;
ttB

*?Ti2` R
AMi`Q/m+iBQM
*QKTmiiBQMH bBKmHiBQMb `2 rB/2Hv mb2/ +`Qbb KMv b+B2MiB}+ /Bb+BTHBM2b- bTM@
MBM;  p`B2iv Q7 /QKBMb Q7 BMp2biB;iBQM 7`QK +`vbiHHBM2 iQKB+ bi`m+im`2b iQ +2HH
Ti?rvb- rBi? MmK2`Qmb bQ7ir`2 T+F;2b pBH#H2X P7 i?2b2- JQH2+mH` .vMK@
B+b UJ.V bBKmHiBQMb `2 bQK2 Q7 i?2 KQbi r2HH FMQrMX hrQ T`QKBM2Mi 2tKTH2b `2
i?2 G`;2@b+H2 iQKB+fJQH2+mH` JbbBp2Hv S`HH2H aBKmHiQ` UGJJSaV (dj)- /2@
p2HQT2/ #v aM/B LiBQMH G#Q`iQ`B2b iQ bBKmHi2 Ki2`BHb mM/2` i?2 BM~m2M+2
Q7 p`BQmb T?vbB+H TQi2MiBHb- M/ LMQb+H2 JQH2+mH` .vMKB+b ULJ.V (dR)-
r?B+? 7Q+mb2b QM #BQHQ;B+H TTHB+iBQMb M/ ?b #22M mb2/ bQHp2 BKTQ`iMi `2+2Mi
K2/B+H T`Q#H2Kb- bm+? b `2bQHpBM; i?2 bi`m+im`2 Q7 i?2 >Ao@R pB`mb `2bTQMbB#H2 7Q`
A.a (NR)X
aBKmHiBQMb QM i?Bb b+H2 `2[mB`2 2MQ`KQmb +QKTmiiBQMH `2bQm`+2b M/ i?2
iBK2 Bb HQM; bBM+2 Tbi r?2`2  bBM;H2 K+?BM2 +QmH/ T`QpB/2 i?2 M2+2bb`v TQr2`X
AM Qm` +m``2Mi ;2 Q7 7HHBM; +HQ+F@bT22/b U/m2 iQ i?2`KQ/vMKB+ +QMbi`BMibV- 2t@
THQBiBM; i?2 BM+`2bBM; KQmMib Q7 pBH#H2 T`HH2HBbK i HH H2p2Hbě7`QK H`;2 M2i@
rQ`F2/ +Hmbi2`b- /QrM iQ QTiBKH Q`/2`BM; Q7 KB+`Q`+?Bi2+im`2 BMbi`m+iBQMbě?b #2@
+QK2 +`m+BHHv BKTQ`iMiX Jim`BM; KMv@+Q`2 `+?Bi2+im`2b bm+? b AMi2HǶb EMB;?ib
GM/BM; UELGV M/ LoA.AǶb Sb+H M/ oQHi :`T?B+b S`Q+2bbBM; lMBi U:SlV
`+?Bi2+im`2b 2TBiQKBb2 i?Bb T?BHQbQT?v Q7 ǳ;QBM; rB/2Ǵ- #mi BM im`M /2KM/ Km+?
R
UV
U#V
6B;m`2 RXR, *QKT`BbQM #2ir22M J. bBKmHiBQMb 2t?B#BiBM; mMB7Q`K M/ MQM@
mMB7Q`K T`iB+H2 /2MbBivX UV b?Qrb  `2;mH` HiiB+2@HBF2 bi`m+im`2- r?2`2b BM U#V 
Km+? KQ`2 B``2;mH` bi`m+im`2 +M #2 b22MX
KQ`2 7`QK BKTH2K2MiiBQMb BM Q`/2` iQ 2ti`+i KtBKmK T2`7Q`KM+2X aB;MB}+Mi
rQ`F ?b ;QM2 BMiQ QTiBKBbBM; J. TTHB+iBQMb 7Q` bm+? `+?Bi2+im`2b (N- j8- dy)X
RXR JQiBpiBQMb
h?2 BMBiBH KQiBpiBQM 7Q` i?2 rQ`F +QMiBM2/ BM i?Bb i?2bBb rb i?2 /2bB`2 iQ BKT`Qp2
i?2 T2`7Q`KM+2 Q7  T`iB+mH` #BQT?vbB+H J. bBKmHiBQM 7`QK *?2M; 2i HX (ky)-
/2b+`B#2/ BM /2iBH BM *?Ti2` 8X b i?2 rQ`F T`Q;`2bb2/ ?Qr2p2`- Bi #2+K2 TT`@
2Mi i?i i?2 `QQi +mb2 Q7 KMv Q7 i?2 T2`7Q`KM+2 Bbbm2b 2M+QmMi2`2/ rb i?2 mb2
Q7 +HbbB+ J. H;Q`Bi?Kb /2bB;M2/ /2+/2b ;Q rBi? bT2+B}+ ivT2b Q7 bBKmHiBQM BM
KBM/X q?BHbi i?2b2 H;Q`Bi?Kb rQ`F2/- BM i?i i?2v T`Q/m+2/ i?2 +Q``2+i Mbr2`-
i?2v r2`2 MQi i?2 KQbi TT`QT`Bi2 +?QB+2b 7Q` +?B2pBM; ;QQ/ T2`7Q`KM+2X
aT2+B}+HHv- i?Bb J. bBKmHiBQM 2t?B#Bib r?i r2 rBHH i2`K MQM@mMB7Q`K
T`iB+H2 /2MbBivX JMv J. bBKmHiBQMb `2 /2bB;M2/ iQ ?M/H2 Ki2`BHb bm+? b
iQKB+ HiiB+2b- Q` ;b2b- r?B+? +QMp2`b2Hv 2t?B#Bi TT`QtBKi2Hv +QMbiMi T`iB+H2
/2MbBiv i?`Qm;?Qmi i?2 bBKmHiBQM /QKBMX a22 6B;m`2 RXR 7Q`  +QKT`BbQM #2ir22M
i?2b2 irQ ivT2b Q7 bi`m+im`2X H;Q`Bi?Kb /2bB;M2/ 7Q` bBKmHiBQMb HBF2 6B;m`2 RXR
k
+M 2t?B#Bi BM2{+B2M+B2b r?2M TTHB2/ BM bBimiBQMb b b?QrM BM 6B;m`2 RXR#- M/
pB+2 p2`bX
RXk BKb  P#D2+iBp2b
Pm` T`BK`v 7Q+mb BM i?Bb i?2bBb Bb i?2 /2p2HQTK2Mi M/ QTiBKBbiBQM Q7 M H;Q`Bi?K
bmBi#H2 7Q` TB`rBb2 b?Q`i@`M;2 7Q`+2 +H+mHiBQMb Ui?i Bb- 7Q`+2b #2ir22M 2p2`v TB`
Q7 T`iB+H2b i?i `2 rBi?BM  +2`iBM bKHH /BbiM+2 Q7 2+? Qi?2`- b22 *?Ti2` j 7Q` 
7mHH /Bb+mbbBQMV rBi?BM J. TTHB+iBQMb r?B+? 2t?B#Bi MQM@mMB7Q`K T`iB+H2 /2MbBivX
q2 +HH i?Bb H;Q`Bi?K T`QD2+iBQM bQ`iBM;X PrBM; iQ i?2B` +QKTmiiBQMH 2tT2Mb2
M/ rB/2bT`2/ TTHB+#BHBiv- TB`rBb2 b?Q`i@`M;2 7Q`+2 +H+mHiBQMb ?p2 `2+2Bp2/
bB;MB}+Mi ii2MiBQM BM i?2 J. HBi2`im`2X
*QMD2+im`2, Ai Bb TQbbB#H2 iQ ++2H2`i2 TB`rBb2 b?Q`i@`M;2 7Q`+2 +H@
+mHiBQMb `2HiBp2 iQ +HbbB+ J. K2i?Q/b #v iFBM; +HQb2` ++QmMi Q7
i?2 /QKBM@bT2+B}+ T`QT2`iB2b Q7 i?2 bBKmHiBQM Ubm+? b MQM@mMB7Q`K
T`iB+H2 /2MbBivVX
h?2 i?`22 `2b2`+? [m2biBQMb U`272``2/ iQ ?2M+27Q`i? b _ZR- _Zk M/ _ZjV r2
T`QTQb2 iQ Mbr2` `2 b 7QHHQrb,
Ç _ZR, >Qr KB;?i M H;Q`Bi?K /2bB;M2/ iQ ++2H2`i2 M J. bBKmHiBQM BM
++Q`/M+2 rBi? i?2 #Qp2 +QMD2+im`2 HQQF\
Ç _Zk, >Qr KB;?i bm+? M H;Q`Bi?K T2`7Q`K UM/ ?Qr KB;?i Bi #2 #2bi BK@
TH2K2Mi2/V BM  b?`2/@K2KQ`v T`HH2H 2MpB`QMK2Mi\
Ç _Zj, >Qr KB;?i bm+? M H;Q`Bi?K T2`7Q`K UM/ ?Qr KB;?i Bi #2 #2bi BK@
TH2K2Mi2/V BM  /Bbi`B#mi2/@K2KQ`v T`HH2H 2MpB`QMK2Mi\
j
RXj _2b2`+? J2i?Q/QHQ;v
h?2 `2b2`+? r2 mM/2`iF2 Bb T`BK`BHv [mMiBiiBp2X q2 rBHH mb2 i?2 K2i?Q/b M/
i2+?MB[m2b r?B+? KF2 mT T2`7Q`KM+2 2M;BM22`BM; BM Q`/2` iQ BKT`Qp2 i?2 2z2+@
iBp2M2bb Q7 Qm` M2r H;Q`Bi?K- M/ iQ +QKT`2 Bib 2z2+iBp2M2bb ;BMbi 2tBbiBM;
H;Q`Bi?KbX S2`7Q`KM+2 2M;BM22`BM; Bb /Bb+mbb2/ BM /2iBH BM *?Ti2` k Ub22 a2+@
iBQM kX9V- ?Qr2p2` r2 rBHH #`B2~v /Bb+mbb i?2 T`BM+BTH2b ?2`2X
S2`7Q`KM+2 2M;BM22`BM; Bb M Bi2`iBp2 T`Q+2bb +QMbBbiBM; Q7 9 T?b2b, #2M+?@
K`FBM;- T`Q}HBM;- QTiBKBbiBQM M/ MHvbBbX "2M+?K`Fb bb2bb  bvbi2K iQ /2i2`@
KBM2 T2F 72bB#H2 T2`7Q`KM+2- T`Q}H2b bb2bb M TTHB+iBQM iQ /2i2`KBM2 +imH
T2`7Q`KM+2- QTiBKBbiBQM BKT`Qp2b +imH T2`7Q`KM+2 UKQpBM; Bi +HQb2` iQ T2F
72bB#H2 T2`7Q`KM+2V- M/ MHvbBb /2i2`KBM2b i?2 2z2+iBp2M2bb Q7 QTiBKBbiBQMb-
M/ Kv bm;;2bi M2r QM2bX h?2 `2bmHib Q7 i?Bb +v+H2 i?2M 722/ #+F BMiQ  M2r
Bi2`iBQMX
AM i?Bb i?2bBb r2 b22F iQ BKT`Qp2 2bi#HBb?2/ J. K2i?Q/b r?2M TTHB2/ iQ
+2`iBM ivT2b Q7 bBKmHiBQMX h?2 biM/`/ K2Mb Q7 +H+mHiBM; TB`rBb2 b?Q`i@`M;2
7Q`+2b Bb #v K2Mb Q7 o2`H2i UQ` M2B;?#Qm`V HBbib (39) U/Bb+mbb2/ BM *?Ti2` jVX h?2`2@
7Q`2 i?2 MHvbBb T?b2 Q7 i?2 T2`7Q`KM+2 2M;BM22`BM; +v+H2 rBHH +QMbBbi T`BK`BHv
Q7 [mMiBiiBp2 +QKT`BbQMb #2ir22M i?2 H;Q`Bi?K r2 rBHH /2p2HQT- M/ o2`H2i HBbibX
6m`i?2` /2iBHb Q7 #2M+?K`FBM;- T`Q}HBM; M/ QTiBKBbiBQM i2+?MB[m2b `2 /Bb+mbb2/
BM *?Ti2` kX
RX9 h?2bBb *QMi`B#miBQMb
h?2 `2b2`+? T`2b2Mi2/ BM i?Bb i?2bBb KF2b i?2 7QHHQrBM; T`BK`v +QMi`B#miBQMb,
Ç q2 /2p2HQT i?2 T`QD2+iBQM bQ`iBM; H;Q`Bi?K- mb2/ iQ +QKTmi2 TB`rBb2 b?Q`i@
`M;2 BMi2`+iBQM 7Q`+2b #2ir22M T`iB+H2b BM KQH2+mH` /vMKB+b bBKmHiBQMbX
q2 +QKT`2 i?Bb H;Q`Bi?K [mHBiiBp2Hv iQ i?2 bii2 Q7 i?2 `i M/ /Bb+mbb
bBimiBQMb r?2`2 Bi Kv #2 T`iB+mH`Hv 2z2+iBp2X h?Bb T2`iBMb iQ _ZRX
9
Ç q2 2tTHQ`2 i?2 2{+B2Mi BKTH2K2MiiBQM Q7 i?2 T`QD2+iBQM bQ`iBM; H;Q`Bi?K
BM #Qi? QM@MQ/2 Ub?`2/ K2KQ`v T`HH2HV M/ Qz@MQ/2 U/Bbi`B#mi2/ K2K@
Q`v T`HH2HV 2MpB`QMK2MibX q2 T`QpB/2 /pM+2/ o2+iQ` 2si2MbBQMb UosV-
/pM+2/ o2+iQ` 2si2MbBQMb k UoskV- EMB;?ib *Q`M2` UEL*V M/ /pM+2/
o2+iQ` 2si2MbBQMb 8Rk@#Bi Uos@8RkV BMi`BMbB+ BKTH2K2MiiBQMb Q7 i?2 7Q`+2
+H+mHiBQM F2`M2HX q2 mb2 i?2 KQ/2`M KmHiB@ M/ KMv@+Q`2 `+?Bi2+im`2b,
AMi2H >br2HH- "`Q/r2HH EL* M/ ELG- b  `2T`2b2MiiBp2 bHB+2 Q7 KQ/2`M
>B;? S2`7Q`KM+2 *QKTmiBM; U>S*V BMbiHHiBQMbX h?Bb T2`iBMb iQ _Zk M/
_ZjX
Ç q2 mb2 Qm` H;Q`Bi?K b  K2Mb Q7 QTiBKBbBM;  +QMi2KTQ``v #BQT?vbB+H
KQH2+mH` /vMKB+b bBKmHiBQM Q7 +?`QKQbQK2 +QM/2MbiBQM (ky)X q2 +QK@
T`2 bii2@Q7@i?2@`i J. H;Q`Bi?Kb M/ T`QD2+iBQM bQ`iBM;- M/ 2tT2`BK2M@
iHHv /2KQMbi`i2 i?2 T2`7Q`KM+2 ;BMb TQbbB#H2 rBi? Qm` H;Q`Bi?KX h?2b2
2tT2`BK2Mib `2 +``B2/ Qmi BM bBM;H2@ M/ KmHiB@MQ/2 +QM};m`iBQMbX q2 Q#@
b2`p2 bT22/mTb Q7 mT iQ 5⇥ r?2M +QKT`BM; Qm` H;Q`Bi?K iQ i?2 bii2 Q7 i?2
`i- M/ mT iQ 10⇥ r?2M +QKT`2/ iQ i?2 Q`B;BMH mMQTiBKBb2/ bBKmHiBQMX
h?2b2 QTiBKBbiBQMb ?p2 /B`2+iHv z2+i2/ i?2 #BHBiv Q7 /QKBM b+B2MiBbib iQ
+``v Qmi i?2B` rQ`FX h?Bb T2`iBMb iQ _Zk M/ _ZjX
RX8 h?2bBb Pp2`pB2r
h?2 `2KBM/2` Q7 i?Bb i?2bBb Bb bi`m+im`2/ b 7QHHQrb,
Ç *?Ti2` k T`QpB/2b M Qp2`pB2r Q7 i?2 7mM/K2MiHb M/ i2`KBMQHQ;v `2Hi2/
iQ i?2 }2H/ Q7 >S*- BM+Hm/BM; i?2 /2p2HQTK2Mi M/ +m``2Mi bii2 Q7 T`HH2H
?`/r`2 M/ i?2 b+B2M+2 Q7 T2`7Q`KM+2 2M;BM22`BM;- r?B+? Bb i i?2 +Q`2 Q7
i?Bb i?2bBbX
Ç *?Ti2` j T`2b2Mib  bBKBH` i`2iK2Mi Q7 +QKTmiiBQMH KQH2+mH` /vMKB+b
8
bBKmHiBQMb- #`Q/Hv +Qp2`BM; i?2 bT2+ib `2H2pMi iQ i?Bb i?2bBbX
Ç *?Ti2` 9 T`2b2Mib Qm` H;Q`Bi?K, T`QD2+iBQM bQ`iBM;X q2 T`QpB/2 M Qp2`pB2r
M/ #`Q/Hv +QKT`2 Bi ;BMbi o2`H2i HBbib- i?2 bii2 Q7 i?2 `i 7Q` TB`rBb2
b?Q`i@`M;2 7Q`+2 +H+mHiBQMbX h?Bb +?Ti2` +Qp2`b _ZRX
Ç *?Ti2` 8 /2b+`B#2b  KQH2+mH` /vMKB+b bBKmHiBQM Q7 +?`QKQbQK2 +QM/2M@
biBQM 7`QK *?2M; 2i HX (ky)X h?Bb bBKmHiBQM Bb mb2/ BM *?Ti2`b e M/ d iQ
+QKT`2 i?2 T`QD2+iBQM bQ`iBM; H;Q`Bi?K 7`QK *?Ti2` 9 ;BMbi bii2@Q7@i?2@
`i J. H;Q`Bi?KbX q2 HbQ /2iBH bQK2 QTiBKBbiBQMb T2`7Q`K2/ mM`2Hi2/
iQ i?2 T`QD2+iBQM bQ`iBM; H;Q`Bi?KX h?Bb +?Ti2` +Qp2`b _ZkX
Ç *?Ti2`b e M/ d BKTH2K2Mi T`QD2+iBQM bQ`iBM; BM i?2 +QMi2ti Q7 i?2 bBKmH@
iBQM 7`QK *?Ti2` 8X AM *?Ti2` e r2 2tTHQ`2 b?`2/ K2KQ`v b2iiBM;b- mbBM;
i?2 AMi2H >br2HH M/ EL* `+?Bi2+im`2b- M/ /2H rBi? i?2 /i HvQmi M/
p2+iQ`BbiBQM Q7 i?2 H;Q`Bi?KX *?Ti2` d 2ti2M/b i?2 BKTH2K2MiiBQM iQ /Bb@
i`B#mi2/ K2KQ`v b2iiBM;b mbBM; i?2 J2bb;2 SbbBM; AMi2`7+2 biM/`/ UJSAV-
M/ mb2b i?2 AMi2H "`Q/r2HH M/ ELG `+?Bi2+im`2bX h?Bb +?Ti2` +Qp2`b _ZjX
Ç *?Ti2` 3 +QM+Hm/2b i?2 i?2bBb M/ /Bb+mbb2b i?2 HBKBiiBQMb Q7 Qm` rQ`F- b
r2HH b 7mim`2 rQ`FX
e
*?Ti2` k
S`HH2H >`/r`2 M/
S2`7Q`KM+2 1M;BM22`BM;
q2 #2;BM rBi? M Qp2`pB2r Q7 i?2 +m``2Mi bii2 Q7 T`HH2H ?`/r`2- M/ i?2M /Bb+mbb
i?2 T`BM+BTH2b Q7 T2`7Q`KM+2 2M;BM22`BM; r?B+? mM/2`TBM i?Bb i?2bBbX
kXR hvT2b Q7 S`HH2HBbK
6HvMMǶb itQMQKv (k3) Ub22 h#H2 kXRV Bb  #`Q/ +HbbB}+iBQM Q7 +QKTmi2` `+?B@
i2+im`2b #b2/ QM r?2i?2` Q` MQi i?2v +M ?M/H2 KmHiBTH2 +QM+m``2Mi BMbi`m+iBQM
M/fQ` /i bi`2KbX h?2 pbi KDQ`Biv Q7 KQ/2`M `+?Bi2+im`2b `2 +T#H2 Q7 2t@
2+miBM; BM Mv Q7 i?2b2 7Qm` +QM};m`iBQMbc KmHiBTH2 T`Q+2bb2b +M `mM +QM+m``2MiHv-
HH mbBM; b2T`i2 /i bi`2KbX
JmHiBTH2 AMbi`m+iBQM aBM;H2 .i UJAa.V M/ JmHiBTH2 AMbi`m+iBQM JmHiBTH2
.i UJAJ.V +M #2 i?Qm;?i Q7 b 2KTHQvBM; ǳibF T`HH2HBbKǴ- r?2`2 /Bz2`2Mi
aBM;H2 AMbi`m+iBQM JmHiBTH2 AMbi`m+iBQM
aBM;H2 .i aAa. JAa.
JmHiBTH2 .i aAJ. JAJ.
h#H2 kXR, 6HvMMǶb itQMQKv
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6B;m`2 kXR, Gv2`b Q7 T`HH2HBbKX
BMbi`m+iBQM bi`2Kb 2t2+mi2 +QM+m``2MiHv- r?2`2b aBM;H2 AMbi`m+iBQM JmHiBTH2 .i
UaAJ.V +?`+i2`Bb2b ǳ/i T`HH2HBbKǴ, KmHiBTH2 bBKBH` UQ` B/2MiB+HV BMbi`m+iBQM
bi`2Kb QT2`iBM; QM /Bz2`2Mi T`ib Q7  /ib2iX
AM KQ/2`M ?`/r`2- T`HH2HBbK 2tBbib i b2p2`H /Bz2`2Mi Hv2`b- b?QrM BM
6B;m`2 kXRX >B;?2` Hv2`b KF2 mb2 Q7 T`HH2HBbK i i?2 HQr2` Hv2`bX i i?2 HQr2bi
Hv2`- BM/BpB/mH BMbi`m+iBQMb 2t2+miBM; QM  T`Q+2bbQ` `2 `mM BM T`HH2HX #Qp2
i?i- bQ +HH2/ p2+iQ` BMbi`m+iBQMb QT2`i2 QM KmHiBTH2 TB2+2b Q7 /i i QM+2X PM2
bi2T ?B;?2`- KmHiBTH2 +Q`2b +M QT2`i2 bBKmHiM2QmbHv QM  bBM;H2 MQ/2- 2+? `mMMBM;
 /Bz2`2Mi i?`2/ Q7 2t2+miBQMX 6BMHHv i i?2 iQT Hv2`- KmHiBTH2 T`Q+2bb2b +QQT2`i2
BM  +Hmbi2` 2MpB`QMK2Mi- 2t+?M;BM; K2bb;2b iQ +QQ`/BMi2 i?2B` +iBpBiB2bX
kXRXR AMbi`m+iBQM G2p2H S`HH2HBbK
AMbi`m+iBQM G2p2H S`HH2HBbK UAGSV 2tBbib BM b2p2`H 7Q`Kb BM KQ/2`M KB+`Q`+?Bi2+@
im`2bX SBT2HBM2/ T`Q+2bbQ`b rQ`F QM KmHiBTH2 BMbi`m+iBQMb bBKmHiM2Qmb i /Bz2`2Mi
bi;2b Q7 i?2 72i+?@/2+Q/2@2t2+mi2 +v+H2X q?BH2 QM2 BMbi`m+iBQM Bb 2t2+miBM;- Qi?2`b
+M #2 72i+?2/ M/ /2+Q/2/X amT2`b+H` T`Q+2bbQ`b 2KTHQv KmHiBTH2 TBT2HBM2b r?B+?
3
QT2`i2 +QM+m``2MiHvX Pmi@Q7@P`/2` UPQPV 2t2+miBQM Bb TQbbB#H2ě;Bp2M  [m2m2 Q7
BMbi`m+iBQMb-  T`Q+2bbQ` Kv 2t2+mi2 Mv BMbi`m+iBQM r?Qb2 /2T2M/2M+B2b `2 bi@
Bb}2/- `2;`/H2bb Q7 Bib TQbBiBQM BM i?2 [m2m2X AMbi`m+iBQMb +M HbQ #2 2t2+mi2/
bT2+mHiBp2Hv- BM MiB+BTiBQM Q7  #`M+? BM 2t2+miBQMX aB;MB}+Mi rQ`F ?b ;QM2
BMiQ /2p2HQTBM; ++m`i2 /vMKB+ #`M+? T`2/B+iBQM b+?2K2b iQ KBMBKBb2 i?2 MmK@
#2` Q7 bT2+mHiBp2Hv 2t2+mi2/ BMbi`m+iBQMb i?i Kmbi #2 /Bb+`/2/ /m2 iQ M BM+Q``2+i
#`M+? T`2/B+iBQM (Ny)X
q`BiBM; +Q/2 rBi? AGS BM KBM/ Bb /B{+mHi- M/ ``2Hv rQ`i?r?BH2 BM iQ/vǶb
;2 Q7 KQ/2`M QTiBKBbBM; +QKTBH2`b- r?B+? KQ`2 Q7i2M i?M MQi `2 +T#H2 Q7
;2M2`iBM; +Q/2 QTiBKBb2/ 7Q` AGS i?2Kb2Hp2bX
kXRXk aAJ. o2+iQ`BbiBQM
JQ/2`M KB+`Q`+?Bi2+im`2b Q7i2M T`QpB/2 aAJ. BMbi`m+iBQM b2ib HQM;bB/2 i?2 biM@
/`/ b2`BH QT2`iBQMbX h?2b2 p2+iQ` BMbi`m+iBQMb QT2`i2 QM H`;2`@i?M@mbmH p2+iQ`
`2;Bbi2`b- +QMiBMBM; KmHiBTH2 /i Bi2KbX 6Q` 2tKTH2- B7 QM2 rBb?2/ iQ // Ryy TB`b
Q7 MmK#2`b- aAJ. BMbi`m+iBQMb rQmH/ HHQr //BM; irQ- 7Qm`- 2B;?i Q` 2p2M KQ`2
TB`b BM  bBM;H2 BMbi`m+iBQMX :Slb 2KTHQv i?2 rB/2bi aAJ. Q7 HH- mbmHHv ky93@#Bib
UQ` e9 jk@#Bi BMi2;2`bVX
o2+iQ` BMbi`m+iBQM b2ib BM+Hm/2 AMi2HǶb ai`2KBM; aAJ. 1ti2MbBQMb Uaa1V M/
os M/ `KǶb L1PLX .2p2HQT2`b Kv 2KTHQv i?2b2 /B`2+iHv mbBM; bb2K#Hv +Q/2-
Q` BM/B`2+iHv- 2Bi?2` #v BMi`BMbB+ r`TT2`b BM ?B;?@H2p2H T`Q;`KKBM; HM;m;2b-
i?`Qm;? miQ@p2+iQ`BbBM; +QKTBH2`b- Q` #v KFBM; mb2 Q7 HB#``B2b rBi? #mBHi BM aAJ.
bmTTQ`iX
kXRXj JmHiBi?`2/BM;
b +HQ+F bT22/b `Qb2 `TB/Hv i?`Qm;?Qmi i?2 NyǶb M/ 2`Hv kyyyǶb- Bi #2+K2 +H2`
iQ +?BT KMm7+im`2`b i?i i?2 bbQ+Bi2/ BM+`2b2 BM i?2`KH QmiTmi rb mMbmb@
iBM#H2X _i?2` i?M +QMiBMm2 iQ Tmb? +HQ+F bT22/b- i?2v KQp2/ iQ  KmHiB@+Q`2
N
KQ/2H- r?2`2 KQ`2 i?M QM2 +?BT `mMMBM; i  HQr2` +HQ+F bT22/ `mMb BM T`HH2HX
TTHB+iBQMb KF2 mb2 Q7 KmHiBTH2 +Q`2b bBKmHiM2QmbHv i?`Qm;? i?2 mb2 Q7 KQ`2 i?M
QM2 i?`2/ Q7 2t2+miBQMX h?`2/b +M KF2 mb2 Q7 #Qi? ibF@ M/ /i@T`HH2HBbK-
r?2`2b aAJ. p2+iQ`BbiBQM Bb #2ii2` bmBi2/ iQ /i@T`HH2HBbKX
JQ/2`M `+?Bi2+im`2b HbQ KF2 mb2 Q7 aBKmHiM2Qmb JmHiBi?`2/BM; UaJhV-
r?2`2  bBM;H2 +Q`2 +M +QM+m``2MiHv 2t2+mi2 KQ`2 i?M QM2 i?`2/ (3j)X k@rv aJh
Bb +QKKQM BM iQ/vǶb KmHiB@+Q`2 T`Q+2bbQ`b- M/ :Slb `2+? Km+? ?B;?2` MmK#2`bX
*QKKQM K2i?Q/b Q7 mbBM; KmHiBTH2 i?`2/b BM TTHB+iBQMb BM+Hm/2 /B`2+i
BKTH2K2MiiBQM rBi? SQ`i#H2 PT2`iBM; avbi2Kb AMi2`7+2 USPaAsV i?`2/b Q` 
?B;?2` H2p2H TT`Q+? rBi? iQQHb HBF2 i?2 PT2M JmHiBT`Q+2bbBM; biM/`/ UPT2MJSV (eN)
Q` AMi2H *BHF (Rj)X
kXRX9 J2bb;2 SbbBM;
q?2M `2+?BM; i?2 H2p2H Q7  +Hmbi2` Q7 M2irQ`F2/ MQ/2b- T`Q+2bbQ`b MQ HQM;2` b?`2
 bBM;H2 K2KQ`v //`2bb bT+2- M/ Kmbi BMbi2/ +QKKmMB+i2 2tTHB+BiHv Qp2` M
BMi2`+QMM2+iX h?2 /pMi;2b Q7 i?Bb KQ/2H `2 i?i TTHB+iBQMb +M #2 b+H2/
iQ Km+? H`;2` MmK#2`b Q7 +Q`2b i?M Bb TQbbB#H2 QM  bBM;H2 MQ/2X b i?2 MQ/2b
`2 2MiB`2Hv BM/2T2M/2Mi- Bi HbQ Q#pBi2b #``B2`b iQ T`HH2H 2{+B2M+v HBF2 ++?2
+Q?2`2M+v T`QiQ+QHbX >Qr2p2`- TTHB+iBQMb Kmbi #2 +`27mHHv /2bB;M2/ iQ KBMBKBb2
i?2 KQmMi Q7 BMi2`@MQ/2 +QKKmMB+iBQM `2[mB`2/X
AM >S*- JSA Bb i?2 /2 7+iQ biM/`/ 7Q` BKTH2K2MiBM; K2bb;2 TbbBM;
TTHB+iBQMb (k)X
kXk h?2 J2KQ`v >B2``+?v
HH +QKTmi2` `+?Bi2+im`2b `2[mB`2 bQK2 K2+?MBbK iQ biQ`2 M/ `2i`B2p2 /iX JMv
/Bz2`2Mi i2+?MQHQ;B2b 2tBbi iQ +?B2p2 i?Bb- `M;BM; rB/2Hv BM bT22/ Q7 ++2bb- +T+@
Biv M/ +QbiX .m`BM; +QKTmiiBQM i?2 *2Mi`H S`Q+2bbBM; lMBi U*SlV QT2`i2b
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6B;m`2 kXk, h?2 K2KQ`v ?B2``+?v, i?2 7bi2bi M/ HQr2bi +T+Biv i i?2 iQT UQM@
+?BT K2KQ`vV- i?2 bHQr2bi M/ H`;2bi +T+Biv i i?2 #QiiQK U2ti2`MH K2+?MB+H
/`Bp2bVX
2ti`2K2Hv `TB/Hv QM bKHH 7`;K2Mib Q7 /iX >2`2- KBMBKBbBM; Hi2M+v Bb i?2 T`B@
K`v +QM+2`M M/ i?2 +T+Biv `2[mB`2/ Bb HQr- 2tT2MbBp2 i2+?MQHQ;B2b bm+? b aiiB+
_M/QK ++2bb J2KQ`v Ua_JV `2 mb2/ 7Q` T`Q+2bbQ` `2;Bbi2`b M/ ++?2X *QM@
p2`b2Hv- biQ`BM; H`;2 KQmMib Q7 /i Ub BM #+FmTb Q` /i r`2?Qmb2bV ?b p2`v
/Bz2`2Mi `2[mB`2K2MibX *T+Biv Bb F2v- bT22/ Bb b2+QM/`vX lbBM; a_J rQmH/ #2
2+QMQKB+HHv BM72bB#H2- Qi?2` i2+?MQHQ;B2b bm+? b K2+?MB+H /`Bp2b Q` K;M2iB+
iT2 `2 KQ`2 TT`QT`Bi2X
6B;m`2 kXk bmKK`Bb2b i?2 /Bz2`2Mi iB2`b Q7 biQ`;2 +QKKQMHv mb2/- FMQrM
b i?2 K2KQ`v ?B2``+?vX h?2 7bi2bi- bKHH2bi- +QbiHB2bi i2+?MQHQ;B2b mb2/ `2 i
i?2 iQT- M/ i?2 bHQr2bi- H`;2bi- +?2T2bi i i?2 #QiiQKX
kXj JMv@+Q`2 M/ >2i2`Q;2M2Qmb *QKTmiBM;
 `2HiBp2Hv `2+2Mi /2p2HQTK2Mi Bb i?2 /p2Mi Q7 ǳKMv@+Q`2Ǵ T`Q+2bbQ`bX q?2`2b
biM/`/ KmHiB@+Q`2 T`Q+2bbQ`b `2 /2bB;M2/ iQ #2 2{+B2Mi 7Q` #Qi? b2`BH M/ T`HH2H
RR
+Q/2- KMv@+Q`2 T`Q+2bbQ`b `2 /2bB;M2/ 2t+HmbBp2Hv 7Q` ?B;?Hv T`HH2H +Q/2 M/ /Q
rv rBi? bBM;H2@i?`2/ QTiBKBbiBQMb i?i Kv HBKBi b+HBM;X :Slb 7HH mM/2` i?2
mK#`2HH Q7 KMv@+Q`2 T`Q+2bbQ`bX
i i?2 iBK2 Q7 r`BiBM;- i?2 MmK#2` QM2 bmT2`+QKTmi2` QM i?2 hQT8yy `MF@
BM; (eR) Bb amMrv hB?mGB;?i- #b2/ i i?2 LiBQMH amT2`+QKTmiBM; *2Mi`2 BM
qmtB- *?BMX h?Bb K+?BM2 +?B2p2b Qp2` NjS6GPS/b 7`QK 9y,Ney amMrv aqkeyRy
KMv@+Q`2 T`Q+2bbQ`b- 2+? rBi? key +Q`2bX
AMi2HǶb s2QM S?B T`Q/m+i HBM2 Bb #b2/ QM KMv@+Q`2 `+?Bi2+im`2b- bT2+B}+HHv
EMB;?ib *Q`M2` UEL*V M/ EMB;?ib GM/BM; UELGVX "Qi? Qz2` BM i?2 `2;BQM Q7
ey +Q`2bX q2 mb2 #Qi? Q7 i?2b2 BM i?Bb i?2bBb M/ +QKT`2 `2bmHib iQ i`/BiBQMH
KmHiB@+Q`2 `+?Bi2+im`2bX
 `2Hi2/ +QM+2Ti Bb ?2i2`Q;2M2Qmb +QKTmiBM;- r?2`2 bBM;H2 MQ/2b +QMiBM
p`BQmb ++2H2`iQ` ?`/r`2 HQM;bB/2 i`/BiBQMH *SlbX ++2H2`iQ`b ?p2 HQM;
#22M mb2/ 7Q`  p`B2iv Q7 Tm`TQb2b rBi? :Slb Q7 +Qm`b2 Q`B;BMHHv #2BM; mb2/ iQ
++2H2`i2 i?2 ;`T?B+b TBT2HBM2 BM KmHiBK2/B +QKTmi2`b- M/ aA*b +QKKQMHv
#2BM; mb2/ iQ `2HB2p2 i?2 #m`/2M QM i?2 *Sl /m`BM; ibFb bm+? b pB/2Q 2M+Q/BM;X
AM KQ/2`M >S*- :2M2`H Sm`TQb2 :`T?B+b S`Q+2bbBM; lMBi U:S:SlV +QKTmiBM;
Bb ~Qm`Bb?BM;- rBi? KMv b+B2MiB}+ +Q/2b Q|Q/BM; HH Q` T`i Q7 i?2B` +QKTmi@
iBQMH rQ`FHQ/ iQ :SlbX _2+2MiHv i?2 bQ@+HH2/ h2MbQ` S`Q+2bbBM; lMBi UhSlV
?b 2K2`;2/ BM `2bTQMb2 iQ i?2 T`QHB72`iBQM Q7 /22T@H2`MBM; TTHB+iBQMb- /2bB;M2/
bT2+B}+HHv iQ ++2H2`i2 i?2 FBM/b Q7 +QKTmiiBQM /QM2 BM- 7Q` 2tKTH2- +QMpQHm@
iBQMH M2m`H M2irQ`Fb U*LLbVX h?2 6B2H/@S`Q;`KK#H2 :i2 ``v U6S:V ?b
HbQ b22M  `2bm`;2M+2ěKMv TTHB+iBQMb `2 #2BM; 2tT2`BK2Mi2/ rBi? QM bm+?
?`/r`2X
AM b?Q`i- 7Q` KMv TTHB+iBQMb Bi Bb BM+`2bBM;Hv BKTQ`iMi iQ #2 #H2 iQ iF2
/pMi;2 Q7 ++2H2`iQ`b- M/  p`B2iv Q7 bQ7ir`2 bQHmiBQMb ?p2 2K2`;2/ iQ KF2
r`BiBM; +Q/2 i?i rBHH `mM QM /Bz2`2Mi ++2H2`iQ` `+?Bi2+im`2b 2bB2`X PT2MJS (eN)
M/ PT2M** (e3) #Qi? Qz2` ǳ/B`2+iBp2@/`Bp2MǴ rvb iQ Q|Q/ +Q/2 iQ ++2H2`@
Rk
iQ`b- r?2`2 /2p2HQT2`b /2+Q`i2 i?2B` +Q/2 rBi? bT2+BH bii2K2Mib r?B+? BMbi`m+i
i?2 +QKTBH2` iQ ;2M2`i2 /2pB+2@bT2+B}+ +Q/2- M/ i`MbT`2MiHv ?M/H2 KQpBM; /i
#2ir22M ?Qbi M/ /2pB+2 K2KQ`vX h?2 *l. HB#``v ?b +QMiBMm2/ iQ 2pQHp2- KF@
BM; Q|Q/BM; iQ LoA.A :Slb 2bB2` i?M 2p2`X S2`7Q`KM+2 TQ`i#BHBiv HB#``B2b
bm+? b EQFFQb (k9) M/ _C (9k) ?p2 HbQ #2;mM iQ 2K2`;2- r?B+? 2M#H2 /2p2H@
QT2`b iQ r`Bi2 M TTHB+iBQM QM+2- M/ i?2M `mM Bi QM KMv /Bz2`2Mi `+?Bi2+im`2b
rBi? KBMBKH Qp2`?2/X
kX9 S2`7Q`KM+2 1M;BM22`BM;
AM >S*- T2`7Q`KM+2 2M;BM22`BM; Bb i?2 b2i Q7 i2+?MB[m2b M/ K2i?Q/QHQ;B2b i?i
b+B2MiBbib M/ 2M;BM22`b mb2 iQ T`2/B+i M/ BKT`Qp2 i?2 T2`7Q`KM+2ě?2`2 `272``BM;
iQ  p`B2iv Q7 K2i`B+b BM+Hm/BM; rHH@+HQ+F iBK2 iF2M- biQ`;2 bT+2 mb2/ M/ TQr2`
2tT2M/2/ěQ7 +QKTmiiBQMX h?2 7mM/K2MiH #bBb Q7 T2`7Q`KM+2 2M;BM22`BM; Bb
i?2 +v+H2 Q7 ?`/r`2 #2M+?K`FBM;- TTHB+iBQM T`Q}HBM;- +Q/2 QTiBKBbiBQM M/
T2`7Q`KM+2 KQ/2HHBM; b?QrM BM 6B;m`2 kXjX
kX9XR "2M+?K`FBM;
"2M+?K`FBM; Bb Q7i2M i?2 }`bi ibF T2`7Q`K2/ r?2M T`2b2Mi2/ rBi?  M2r +QKTmi2`
`+?Bi2+im`2 Q` b2i Q7 ?`/r`2X  #2M+?K`F Bb  TB2+2 Q7 bQ7ir`2 /2bB;M2/ iQ
bb2bb T2`7Q`KM+2 BM bQK2 rvX S2`?Tb i?2 KQbi r2HH FMQrM 2tKTH2b BM i?2 }2H/
Q7 >S* `2 i?2 GBM2` H;2#` S+F;2 UGALS*EV #2M+?K`Fb- #b2/ QM i?2
6Q`i`M HB#``v Q7 i?2 bK2 MK2 (kj)X h?2b2 #2M+?K`Fb i2bi  bvbi2KǶb #BHBiv iQ
`TB/Hv bQHp2 /2Mb2 bvbi2Kb Q7 HBM2` 2[miBQMb-  +QKKQM ibF BM KMv 2M;BM22`BM;
T`Q#H2KbX GALS*E b+Q`2b `2 mb2/ iQ #mBH/ i?2 hQT8yy-  #BMMmH `MFBM; Q7
bmT2`+QKTmi2`b +`Qbb i?2 rQ`H/ (eR)X
Pi?2` #2M+?K`Fb BM+Hm/2 ah_1J- /2bB;M2/ iQ bb2bb bmbiBM#H2 K2K@
Q`v #M/rB/i? (8N)- aEJSA- r?B+? K2bm`2b M2irQ`F +QKKmMB+iBQM iBK2b BM 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6B;m`2 kXj, S2`7Q`KM+2 2M;BM22`BM;, URV "2M+?K`F i?2 ?`/r`2 iQ /2i2`KBM2
iiBM#H2 T2`7Q`KM+2- UkV T`Q}H2 i?2 TTHB+iBQM iQ /2i2`KBM2 `2b r?2`2 T2`7Q`@
KM+2 Bb MQi mT iQ biM/`/- UjV QTiBKBb2 i?2 TTHB+iBQM +Q/2 iQ #`BM; T2`7Q`KM+2
+HQb2` iQ i?2 B/2H- U9V MHvb2 +?B2p2/ T2`7Q`KM+2- r?B+? +M 722/ #+F BMiQ 7m`@
i?2` QTiBKBbiBQMX q?2M M2r ?`/r`2 Bb +[mB`2/- i?2 +v+H2 #2;BMb ;BMX
+Hmbi2` 2MpB`QMK2Mi (de)- M/ i?2 La S`HH2H "2M+?K`Fb ULS"V 7`QK i?2 La
/pM+2/ amT2`+QKTmiBM; .BpBbBQM ULaV-  bmBi2 Q7 #2M+?K`Fb /2`Bp2/ 7`QK
*QKTmiiBQMH 6HmB/ .vMKB+b U*6.V TTHB+iBQMbX
kX9Xk S`Q}HBM;
TTHB+iBQM T`Q}HBM; `272`b iQ i?2 mb2 Q7  iQQHě T`Q}H2`ěiQ MHvb2 i?2 2t2+miBQM
Q7 M TTHB+iBQMX S`Q}H2`b +M T`QpB/2 BM7Q`KiBQM bm+? b r?B+? b2+iBQMb Q7 +Q/2
+QMbmK2 i?2 KDQ`Biv Q7 i?2 `mMiBK2- K2KQ`v mb;2 i?`Qm;?Qmi 2t2+miBQM- T`HH2H
BM2{+B2M+B2b M/ AfP rBi iBK2b 7Q` M2irQ`F Q7 /BbF ++2bbX h?2v +M HbQ b?2/ HB;?i
QM HQr@H2p2H K2i`B+b +QHH2+i2/ #v ?`/r`2 T2`7Q`KM+2 +QmMi2`b- bm+? b 2{+B2M+v
Q7 ++?2 mb;2 M/ BMbi`m+iBQM H2p2H T`HH2HBbKX
1tKTH2b Q7 T`Q}HBM; iQQHb BM+Hm/2,
Ç :Ll ;T`Q7 (ke)
lb2b  +QK#BMiBQM Q7 biiB+ miQKi2/ BMbi`mK2MiiBQM Ur?2`2  +QKTBH2`
R9
BMb2`ib +HHb iQ T`Q}H2` 7mM+iBQMHBiv rBi?BM i?2 +QKTBH2/ TTHB+iBQM Bib2H7V
M/ ?`/r`2 T2`7Q`KM+2 +QmMi2` bKTHBM; iQ ;2M2`i2  +HH ;`T? Ub?QrBM;
r?B+? bQm`+2 +Q/2 7mM+iBQMb +HH r?B+? Qi?2` QM2bV M/  HBbi Q7 7mM+iBQMb
Q`/2`2/ #v +mKmHiBp2 2t2+miBQM iBK2X
Ç AMi2H ohmM2 KTHB}2` (9j)
lb2b /vMKB+ miQKi2/ BMbi`mK2MiiBQM Ur?2`2 i?2 +Q/2 Bb MHvb2/ M/
`2r`Bii2M i `mMiBK2 iQ +HH T`Q}H2` 7mM+iBQMbV- #b2/ QM i?2 AMi2H SBM iQQH (88)-
M/ ?`/r`2 T2`7Q`KM+2 +QmMi2` bKTHBM;X *M ;2M2`i2 /2iBH2/ +HH ;`T?b
M/ +mKmHiBp2 2t2+miBQM iBK2 T2` BM/BpB/mH HBM2 Q7 +Q/2- BM //BiBQM iQ 
Kv`B/ Q7 HQr H2p2H K2i`B+bX
Ç GBMmt T2`7 (R)
HbQ +T#H2 Q7 T2`7Q`KM+2 +QmMi2` bKTHBM;- M/ /vMKB+ miQKi2/ BM@
bi`mK2MiiBQM mbBM; i?2 GBMmt FT`Q#2 M/ mT`Q#2 7`K2rQ`Fb 7Q` F2`M2H M/
mb2`bT+2 BMbi`mK2MiiBQM `2bT2+iBp2HvX .22THv BMi2;`i2/ BMiQ i?2 GBMmt F2`@
M2H T`QpB/BM; `B+? T`Q}HBM; 7mM+iBQMHBivX
Ç hmMBM; M/ MHvbBb liBHBiB2b UhlV S2`7Q`KM+2 avbi2K (dN)
S`QpB/2b biiB+ M/ /vMKB+ miQKi2/ BMbi`mK2MiiBQM- M/ 2p2Mi@#b2/
bKTHBM;X 62im`2b KMv ;`T?B+H MHvb2b Q7 i?2 +QHH2+i2/ T`Q}H2X
Ç S2`7Q`KM+2 TTHB+iBQM S`Q;`KKBM; AMi2`7+2 USSAV (Rd)
S`QpB/2b M TTHB+iBQM S`Q;`KKBM; AMi2`7+2 USAV 7Q` T`Q;`KK2`b iQ
KMmHHv BMbi`mK2Mi i?2B` +Q/2 rBi? ++2bb iQ ?`/r`2 T2`7Q`KM+2 +QmMi2`bX
SSA /Q2bMǶi T`Q}H2 +Q/2 Bib2H7- #mi T`QpB/2b i?2 iQQHb 7Q` T`Q;`KK2`b iQ //
T`Q}HBM; iQ i?2B` TTHB+iBQMb KMmHHvX
kX9Xj *Q/2 PTiBKBbiBQM
q?2M i?2 TTHB+iBQM ?QibTQib ?p2 #22M B/2MiB}2/ i?`Qm;? T`Q}HBM;- +Q/2 QTiBKB@
biBQM +iBpBiB2b +M #2;BMX am+? QTiBKBbiBQMb +M iF2  p`B2iv Q7 7Q`Kb `M;BM;
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GBbiBM; R, M 2tKTH2 Q7 mM`QHHBM;  R. bi2M+BH #v  7+iQ` Q7 9X h?Bb QTiBKBbiBQM
BKT`Qp2b i?2 `iBQ Q7 +QKTmi2 iQ HQQT@+QMi`QH Qp2`?2/X
7`QK bBKTH2 +Q/2 i`Mb7Q`KiBQMb iQ iQiH `2r`Bi2b #b2/ QM M2r H;Q`Bi?Kb Q` H@
i2`MiBp2 ?`/r`2 bQHmiBQMb Ubm+? b ++2H2`iQ` /2pB+2b HBF2 :Slb M/ 6S:bV
r?B+? `/B+HHv Hi2` i?2 T2`7Q`KM+2 +?`+i2`BbiB+b Q7 i?2 TTHB+iBQMX
*QKKQMHv mb2/ +Q/2 i`Mb7Q`KiBQMb BM+Hm/2 HQQT mM`QHHBM; (ed)- r?2`2 i?2
#Q/v Q7  bBKTH2 HQQT Kv #2 /mTHB+i2/ n iBK2b M/ i?2 MmK#2` Q7 Bi2`iBQMb
`2/m+2/ +Q``2bTQM/BM;Hv #v  7+iQ` Q7 nX M 2tKTH2 Q7 i?Bb Bb b?QrM BM GBbi@
BM; RX h?2 T`BM+BTH /pMi;2b Q7 HQQT mM`QHHBM; `2 i?i Bi `2/m+2b i?2 MmK#2` Q7
#`M+?2b `2[mB`2/ iQ +QKTH2i2  HQQT- M/ HHQrb Qi?2` ?`/r`2 K2+?MBbKb bm+?
b T`272i+?BM; M/ TBT2HBMBM; iQ QT2`i2 KQ`2 2z2+iBp2HvX h?2 /QrMbB/2b `2 M
BM+`2b2 BM i?2 bBx2 Q7 +QKTBH2/ +Q/2- M/ rQ`b2M2/ `2/#BHBiv UHi?Qm;? b KQ/@
2`M QTiBKBbBM; +QKTBH2`b `2 T2`72+iHv +T#H2 Q7 T2`7Q`KBM; HQQT mM`QHHBM; rBi?Qmi
T`Q;`KK2` BMi2`p2MiBQM- i?2 Hii2` Q7 i?2b2 Bb KQQiVX
MQi?2` 2tKTH2 Q7  +QKKQM +Q/2 i`Mb7Q`KiBQM Bb HQQT iBHBM; (33)X b
/Bb+mbb2/ BM a2+iBQM kXk Ui?2 J2KQ`v >B2``+?vV- KQ/2`M `+?Bi2+im`2b KF2 mb2 Q7
KmHiBTH2 H2p2Hb Q7 /i biQ`;2- /Bz2`BM; BM bT22/ M/ bBx2X JQpBM; /i 7`QK QM2
H2p2H iQ MQi?2` iF2b  MQM@x2`Q KQmMi Q7 iBK2- bQ +?B2pBM; QTiBKH T2`7Q`KM+2
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GBbiBM; k, M 2tKTH2 Q7 iBHBM;  Ki`Bt KmHiBTHB+iBQM * = " r?2`2  Bb M
N ⇥M Ki`Bt M/ " Bb M M ⇥P Ki`BtX AM i?2 mM@iBH2/ p2`bBQM- +H+mHiBM; 2+?
`Qr Q7 * `2[mB`2b HQ/BM; i?2 i@i? `Qr Q7  M/ HH Q7 "X AM i?2 iBH2/ p2`bBQM- 2Mi`B2b
BM 2 ⇥ 2 #HQ+Fb Q7 * `2 +H+mHi2/ bBKmHiM2QmbHv- r?B+? `2mb2b 2+? HQ/2/ pHm2
7`QK  M/ " irB+2X
Bb +QMiBM;2Mi QM KBMBKBbBM; /i KQp2K2MiX GQQT iBHBM; Bb  i2+?MB[m2 i?i +M #2
mb2/ iQ `2Q`/2` Bi2`iBQMb BM M2bi2/@HQQT bi`m+im`2b iQ BM+`2b2 /i `2mb2ěr?2`2
/i Bb KQp2/ iQ i?2 iQT H2p2H Q7 i?2 K2KQ`v ?B2``+?v b 72r iBK2b b TQbbB#H2-
M/ i?2 KQmMi Q7 +QKTmiiBQM T2`7Q`K2/ QM i?2 /i r?BH2 Bi Bb i i?i iQT H2p2H
Bb KtBKBb2/X GBbiBM; k b?Qrb M 2tKTH2 Q7 bBKTH2 HQQT iBHBM; TTHB2/ iQ Ki`Bt
KmHiBTHB+iBQMX q?BHbi HQQT iBHBM; +M BKT`Qp2 T2`7Q`KM+2- QTiBKHHv iBHBM;  HQQT
mbmHHv `2[mB`2b FMQrH2/;2 Q7 i?2 T`iB+mH` ?`/r`2 i?2 +Q/2 Bb iQ #2 `mM QM-
BM T`iB+mH` i?2 ++?2 bBx2b- M/ Bb i?2`27Q`2 MQi  TQ`i#H2 QTiBKBbiBQMX h?Bb
?B;?HB;?ib i?2 /BbiBM+iBQM #2ir22M ++?2@r`2 QTiBKBbiBQMb Ubm+? b HQQT iBHBM;V-
M/ ++?2@Q#HBpBQmb QTiBKBbiBQMbX *+?2@Q#HBpBQmb H;Q`Bi?Kb `2 QM2b i?i KF2
2z2+iBp2 mb2 Q7 ?B2``+?B+H K2KQ`v BM ;2M2`H rBi?Qmi #2BM; T`iB+mH`Hv bmBi2/ iQ
Mv bT2+B}+ ?`/r`2 BKTH2K2MiiBQMX
Pi?2` ivT2b Q7 +Q/2 i`Mb7Q`KiBQM BM+Hm/2 HQQT }bbBQM Ur?2`2  bBM;H2 HQQT
Rd
Bb #`QF2M BMiQ KmHiBTH2 HQQTb Qp2` i?2 bK2 Bi2`iBQM bT+2- 2+? iFBM;  TQ`iBQM
Q7 i?2 Q`B;BMH HQQTb #Q/vV- HQQT 7mbBQM Ui?2 QTTQbBi2V- HQQT BMi2`+?M;2 U+?M;BM;
i?2 Q`/2` Q7 M2bi2/ HQQTb iQ BKT`Qp2 /i ++2bb Tii2`MbV- +Q/2 ?QBbiBM; UKQpBM;
HQQT BMp`BMi +Q/2 QmibB/2  HQQTV- bi`BT KBMBM; U FBM/ Q7 HQQT iBHBM; r?2`2 i?2
Bi2`iBQM bT+2 Bb T`iBiBQM2/ iQ HHQr 7Q` p2+iQ`Bb2/ BKTH2K2MiiBQMbV M/ +QmMiH2bb
Qi?2`b (3- 38)X JMv Q7 i?2b2 QTiBKBbiBQMb +M #2 T2`7Q`K2/ i`MbT`2MiHv #v
KQ/2`M QTiBKBbBM; +QKTBH2`bX
7i2` QTiBKBbBM; M TTHB+iBQM- i?2 Mim`H i?BM; iQ /Q Bb iQ +QKT`2 Bi rBi?
i?2 Q`B;BMH mMQTiBKBb2/ p2`bBQM b  #b2HBM2X A7 i?2 QTiBKBbiBQM Bb bm++2bb7mH BM
BKT`QpBM; T2`7Q`KM+2 QM2 Kv i?2M T`Q}H2 i?2 +Q/2 ;BM iQ }M/ b2+QM/`v `2b
iQ BKT`Qp2 mTQMX h?Bb T`Q+2bb Bb `2T2i2/ mMiBH i?2 H2p2H Q7 T2`7Q`KM+2 `2+?2/ Bb
biBb7+iQ`v- `2HiBp2 iQ i?2 #2M+?K`Fb T`2pBQmbHv Q#iBM2/X
kX9X9 S2`7Q`KM+2 JQ/2HHBM;
*QMbi`m+iBM; M ++m`i2 KQ/2H Q7 M TTHB+iBQMǶb T2`7Q`KM+2 ?b KMv #2M2}ibX
Ai HHQrb T`2/B+iBQM Q7 T2`7Q`KM+2 QM Qi?2` ?`/r`2 (ey- 9R- 93- 8y)- r?B+? Bb mb27mH
BM T`Q+m`2K2Mi UbmT2`+QKTmi2`b `2 p2`v 2tT2MbBp2- M/ #2BM; #H2 iQ bT2+mHiBp2Hv
ǳi`v #27Q`2 vQm #mvǴ Bb pHm#H2 r?2M QM2 FMQrb r?i rQ`FHQ/b QM2 BMi2M/b iQ `mM
QM  Tm`+?b2/ K+?BM2VX S2`7Q`KM+2 KQ/2Hb +M HbQ BM7Q`K 7m`i?2` QTiBKBbiBQMb
QM i?2 2tBbiBM; ?`/r`2 (kk- e9)- M/ `2p2H TQi2MiBH KBb+QM};m`iBQM (R3)X
*QM/m+iBM; T2`7Q`KM+2 KQ/2HHBM; mbmHHv BMpQHp2b  +QK#BMiBQM Q7 MHvi@
B+H K2i?Q/b M/ bBKmHiBQM (d)X aBKTH2` bT2+ib Kv #2 KQ/2HH2/ mbBM;  b2`B2b Q7
Ki?2KiB+H 2[miBQMb- r?BH2 /22T2` +QKTH2tBiB2b Kv `2bBbi MHviB+H TT`Q+?2b
M/ `2[mB`2 bBKmHiBQMX h?2 `2bmHib 7`QK bBKmHiBQM +M #2 THm;;2/ BMiQ MHviB+H
KQ/2Hb iQ imM2 i?2B` ++m`+vX M BKTQ`iMi +QMbB/2`iBQM r?2M mbBM; bBKmHiBQM
Bb i?2 +QKTmiiBQMH `2bQm`+2b `2[mB`2/c B7  bBKmHiBQM iF2b HQM;2` iQ T2`7Q`K i?M
bBKTHv `mMMBM; i?2 TTHB+iBQM BM i?2 /2bB`2/ +QM};m`iBQM- i?2M Bi Bb MQi  T`iB+@
mH`Hv mb27mH KQ/2HX h?Bb HbQ TTHB2b iQ i?2 iBK2 `2[mB`2/ iQ /2p2HQT i?2 KQ/2H BM
R3
i?2 }`bi TH+2X
h?2 +?`+i2`BbiB+b Q7 i?2 ?`/r`2 QM r?B+? M TTHB+iBQMb `mMb 7Q`K M
BMi2;`H T`i Q7  T2`7Q`KM+2 KQ/2H- b /Bz2`2Mi ?`/r`2 rBHH ;`2iHv BM~m2M+2
i?2 TTHB+iBQMǶb `mMiBK2X Ai Bb BKTQ`iMi iQ b2T`i2 i?2 ?`/r`2@`2Hi2/ bT2+ib
Q7 i?2 T2`7Q`KM+2 KQ/2H 7`QK i?2 TTHB+iBQM@`2Hi2/ bT2+ib- bQ i?i /Bz2`2Mi
TTHB+iBQMb +M #2 KQ/2HH2/ ;Bp2M  bBM;H2 ?`/r`2 KQ/2H- M/ HBF2rBb2 bQ i?i
 bBM;H2 TTHB+iBQMǶb T2`7Q`KM+2 KQ/2H +M #2 mb2/ BM i?2 +QMi2ti Q7 KmHiBTH2
K+?BM2 KQ/2Hb (9N)X
S2`7Q`KM+2 KQ/2HHBM; iQQHb BM+Hm/2 aLGǶb ai`m+im`H aBKmHiBQM hQQHFBi
UaahV- r?B+? T`QpB/2b  7`K2rQ`F 7Q` bBKmHiBM; T`HH2H b+B2MiB}+ TTHB+iBQMb
i #Qi? i?2 K+`Q M/ KB+`Q H2p2Hb (e8)X aah bmTTQ`ib #Qi? Q|BM2 M/ QMHBM2
bBKmHiBQMX P|BM2 bBKmHiBQM Bb r?2`2  `2H TTHB+iBQM Bb `mM QM  `2H K+?BM2-
BMbi`mK2Mi2/ bQ b iQ T`Q/m+2  ǳi`+2Ǵ Q7 p`BQmb 2p2Mib Q7 BMi2`2bi- bm+? b JSA
+HHbX h?Bb i`+2 +M #2 THv2/ #+F M/ 7m`i?2` /i +M #2 2ti`TQHi2/ 7`QK
BiX PMHBM2 bBKmHiBQM Bb r?2`2 M TTHB+iBQM bF2H2iQM Bb +QMbi`m+i2/- r?B+? BM T`i
KBKB+b i?2 `2H TTHB+iBQMX _i?2` i?M +imHHv `mMMBM; 2tT2MbBp2 b2+iBQMb Q7
+QKTmi2- i?2v `2 `2TH+2/ rBi? M 2biBKiBQM Q7 ?Qr Km+? iBK2 i?2v rQmH/ ?p2
iF2M #b2/ QM TTHB+iBQM M/ bvbi2K /iX PMHBM2 bBKmHiBQM Bb KQ`2 ~2tB#H2 i?M
Q|BM2 bBKmHiBQM- M/ Bb i?2 `2+QKK2M/2/ rv iQ mb2 aahX
AMi2HǶb aQ7ir`2 .2p2HQTK2Mi 1KmHiQ` Ua.1V HHQrb /2p2HQT2`b iQ 2KmHi2
i?2 2t2+miBQM Q7 +Q/2 mM/2` `+?Bi2+im`2b Qi?2` i?M i?i r?B+? pBH#H2 ?`/r`2
BKTH2K2MibX 6Q` 2tKTH2- M TTHB+iBQM i?i ?b #22M +QKTBH2/ rBi? 7mim`2 t3e
BMbi`m+iBQMb i?i `2 MQi pBH#H2 BM +m``2MiHv `2H2b2/ ?`/r`2X hQ mb2 a.1-
i?2 /2p2HQT2` BMb2`ib bT2+BH bi`i M/ 2M/ K`F2`b `QmM/  HQQT #Q/v BM i?2B`
+Q/2X h?2 a.1 TTHB+iBQM HQQFb i?`Qm;?  +QKTBH2/ #BM`v 7Q` i?2b2 K`F2`b-
M/ T2`7Q`Kb MHvbBb Q7 i?2 K+?BM2 +Q/2 #2ir22M i?2KX "v mbBM; FMQrH2/;2 Q7
BMbi`m+iBQM Hi2M+v M/ i?`Qm;?Tmi- M/ Q7 i?2 i`;2i `+?Bi2+im`2- a.1 Bb #H2 iQ
T`Q/m+2 p`BQmb biiBbiB+b #Qmi i?2 2tT2+i2/ T2`7Q`KM+2 Q7 i?2 +Q/2X h?Bb HHQrb
RN
TTHB+iBQM /2p2HQT2`b iQ T`2T`2 i?2B` +Q/2 7Q` 7mim`2 `+?Bi2+im`2b #27Q`2 i?2v
``Bp2 BM bBHB+QX
h?2 q_rB+F S2`7Q`KM+2 S`2/B+iBQM hQQHFBi Uq_SSV (jj- j9) Bb  b2i
Q7 iQQHb /2bB;M2/ iQ miQKi2 T`ib Q7 i?2 T2`7Q`KM+2 KQ/2HHBM; rQ`F~QrX Ai
+QK#BM2b miQKi2/ bQm`+2 +Q/2 BMbi`mK2MiiBQM- #2M+?K`FBM; M/ /Bb+`2i2 2p2Mi
bBKmHiBQM iQ T`Q/m+2 2biBKi2/ T2`7Q`KM+2 };m`2bX h?2 BMTmi iQ  q_SS bBK@
mHiBQM Bb BMbi`mK2Mi2/ TTHB+iBQM bQm`+2 +Q/2 U+Tim`BM; i?2 +QMi`QH ~Qr M/ i?2
+QKTmi2V- JSA M/ AP #2M+?K`Fb- M/ +imH iBKBM;b T`Q/m+2/ #v i?2 BMbi`m@
K2Mi2/ +Q/2 7`QK  `2H `mMX q_SS #mBH/b QM i?2 2`HB2` S2`7Q`KM+2 MHvbBb
M/ *?`+i2`BbiBQM 1MpB`QMK2Mi US*1V (RN) iQQHX
 bm`p2v Q7 Qi?2` pBH#H2 T2`7Q`KM+2 KQ/2HHBM; iQQHb ?b T`2pBQmbHv #22M
mM/2`iF2M #v HHM (d)X
kX8 JBMB@TTHB+iBQMb
lM/2`iFBM; T2`7Q`KM+2 2M;BM22`BM; 2M/2pQm`b QM  H`;2 T`Q/m+iBQM TTHB+iBQM
Bb Q7i2M M `/mQmb T`Q+2bbX AiǶb MQi mMmbmH 7Q` KQ/2`M b+B2MiB}+ +Q/2b iQ `2+? ?H7
 KBHHBQM HBM2b Q7 +Q/2X JFBM; bB;MB}+Mi +?M;2b iQ bm+? M TTHB+iBQM +M iF2
KQMi?b Q7 /2p2HQTK2Mi M/ `2@pHB/iBQM 2zQ`iX JBMB@TTHB+iBQMb- Q` KBMB@TTb-
+M HH2pBi2 bQK2 Q7 i?Bb #m`/2MX
 KBMB@TTHB+iBQM Bb  bKHH T`Q;`K- mbmHHv `QmM/ Ry iQ ky i?QmbM/
HBM2b Q7 +Q/2- r?B+? Bb /2bB;M2/ iQ KBKB+ i?2 T2`7Q`KM+2 +?`+i2`BbiB+b Q7  T`iB+@
mH` T`Q/m+iBQM TTHB+iBQMX 6Q` 2tKTH2- i?2 JMi2pQ bmBi2 7`QK aM/B LiBQMH
G#Q`iQ`B2b UaLGV (j3- jN) +QMbBbib Q7 b2p2`H KBMB@TTb +Qp2`BM;  p`B2iv Q7 TTHB@
+iBQM /QKBMb BM+Hm/BM; MmK2`B+H bQHmiBQMb Q7 T`iBH /Bz2`2MiBH 2[miBQMb U#Qi?
BKTHB+Bi M/ 2tTHB+Bi- bi`m+im`2/ M/ mMbi`m+im`2/V- ?v/`Q/vMKB+b M/ KQH2+mH`
/vMKB+bX *HQp2`G27 (8e) Bb `QmM/ R8 i?QmbM/ HBM2b M/ `2T`2b2Mib M 1mH2`BM
bQHmiBQM Q7 i?2 +QKT`2bbB#H2 1mH2` 2[miBQMbX KBMBJ. Bb `QmM/ i?2 bK2 bBx2-
ky
M/ +QMbBbib Q7 i?2 #bB+ +QKTmiiBQMH F2`M2Hb 7`QK i?2 GJJSa KQH2+mH` /v@
MKB+b T+F;2X h?2 bKHH bBx2 Q7 i?2b2 KBMB@TTb ?b 2M#H2/ i?2 /2p2HQTK2Mi Q7
 ;`2i KMv p`BMib- #Qi? mbBM; /Bz2`2Mi BKTH2K2MiiBQMb M/ +QK#BMiBQMb Q7
T`HH2HBbK- M/ i`;2iBM; /Bz2`2Mi K+?BM2b M/ T`Q+2bbQ` ivT2bX h?2 `2bmHib Q7
i?Bb rQ`F ?p2 i?2M 72/ #+F BMiQ i?2 /2p2HQTK2Mi Q7 i?2 +Q``2bTQM/BM; T`Q/m+iBQM
TTHB+iBQMbX
kXe amKK`v
JQ/2`M ?`/r`2 Qz2`b  ;`2i KMv rvb 7Q` /2p2HQT2`b iQ H2p2`;2 T`HH2HBbK BM
i?2B` TTHB+iBQMbX AM/22/- /QBM; bQ Bb +`m+BH iQ ;2iiBM; i?2 KQbi Qmi Q7 i?2 ?`/@
r`2X S2`7Q`KM+2 2M;BM22`BM; T`QpB/2b  7`K2rQ`F 7Q` iFBM; mM/2`T2`7Q`KBM;
TTHB+iBQMb M/ B/2MiB7vBM; M/ `2+iB7vBM; i?2B` r2FM2bb2bX h?`Qm;?Qmi i?2 `2bi
Q7 i?Bb i?2bBb- r2 TTHv i?Bb 7`K2rQ`F iQ bim/vBM; M/ BKT`QpBM; i?2 T2`7Q`KM+2
Q7  +Hbb Q7 J. TTHB+iBQMbX
kR

*?Ti2` j
JQH2+mH` .vMKB+b
JQH2+mH` .vMKB+b UJ.V Bb  +QKTmiiBQMH K2i?Q/ i?i mb2b bBKmHiBQM iQ bim/v
i?2 /vMKB+H #2?pBQm` Q7 bvbi2Kb Q7 T`iB+H2bX h?2 i`D2+iQ`B2b Q7 N T`iB+H2b `2
+QKTmi2/ #v BMi2;`iBM; L2riQMǶb +HbbB+H 2[miBQMb Q7 KQiBQMX J. rb /2p2HQT2/
BM i?2 RN8yb #v i?2Q`2iB+H T?vbB+Bbib HQQFBM; iQ bim/v bm+? bvbi2Kb #mi H+FBM;
bmBi#H2 MHviB+H K2i?Q/b iQ /Q bQ (9- e- R8- kd)X hQ/v J. Bb mb2/ +`Qbb  rB/2
`M;2 Q7 b+B2MiB}+ }2H/b- BM+Hm/BM; +?2KB+H T?vbB+b- Ki2`BHb b+B2M+2 M/ #BQT?vbB+bX
q2HH FMQrM KQH2+mH` /vMKB+b +Q/2b BM+Hm/2 GJJSa (dj)- LJ. (Rk- 98- dR-
3y)- .GnSPGu (3k) M/ :_PJ*a (8)X
hQ ++m`i2Hv +Tim`2 i?2 KQiBQM Q7 iQKB+@b+H2 T`iB+H2b- i?2 iBK2b+H2
Qp2` r?B+? L2riQMǶb 2[miBQMb Q7 KQiBQM `2 BMi2;`i2/ Kmbi #2 2ti`2K2Hv bKHHX 
bBM;H2 ǳiBK2bi2TǴ Bb K2bm`2/ BM 72KiQb2+QM/b 7Q` bm+? bBKmHiBQMbX JMv i?QmbM/b
Q7 iBK2bi2Tb Kmbi i?2`27Q`2 #2 +QKTmi2/ iQ Q#iBM `2bmHib Qp2`  `2T`2b2MiiBp2
/m`iBQM BM ǳ`2H rQ`H/Ǵ iBK2X *QMbB/2`#H2 `2b2`+? 2zQ`i ?b #22M 2tT2M/2/ iQ
KF2 bm+? bBKmHiBQMb i`+i#H2X
AM i?Bb +?Ti2`- r2 rBHH 2tTHBM +QM+2Tib BM k@/BK2MbBQMH bT+2- 7Q` bBKTHB+Biv
Q7 2tTQbBiBQMX 1p2`vi?BM; T`2b2Mi2/ ;2M2`HBb2b bi`B;?i7Q`r`/Hv iQ j@/BK2MbBQMbX
kj
6B;m`2 jXR, M 2tKTH2 Q7 i?2 7Q`+2b +iBM; #2ir22M T`iB+H2b BM M J. bBKmHiBQMX
h?2 v2HHQr HBM2 BM/B+i2b  TB` TQi2MiBH #2ir22M irQ T`iB+H2bX h?2 #Hm2 HBM2b
BM/B+i2  i?`22@#Q/v TQi2MiBH- M/ i?2 TBMF HBM2b BM/B+i2  7Qm`@#Q/v TQi2MiBHX
HH i?2 T`iB+H2b 2t2`i  MQM@x2`Q 7Q`+2 QM HH Qi?2` T`iB+H2b 7Q` 2+? bm+? /2;`22X AM
T`+iB+2- i?2b2 BMi2`+iBQMb Kmbi #2 TT`QtBKi2/X AM HH bBKmHiBQMb r2 +QMbB/2`-
HH ?B;?2`@Q`/2` TQi2MiBHb `2 TT`QtBKi2/ěQMHv i?2 TB`@TQi2MiBHb `2 +H+mHi2/
2tTHB+BiHvX
jXR *QKTmiiBQMH bT2+ib Q7 JQH2+mH` .vMKB+b
i  7mM/K2MiH H2p2H- J. bBKmHiBQMb Kmbi bQHp2 i?2 /Bz2`2MiBH 2[miBQMb ;Bp2M
#v L2riQMǶb 2[miBQMb Q7 KQiBQM (8k),
mi
dvi
dt
=
X
j1
F i,j1 +
X
j1
X
j2
F i,j1,j2 + · · ·+
X
j1
X
j2
· · ·
X
jN 1
F i,j1,j2,...,jN 1
dxi
dt
= vi
UjXRV
h?2 }`bi Q7 i?2b2- Bb i?2 r2HH@FMQrM F = ma Ui?2 ++2H2`iBQM BM/m+2/ BM M Q#D2+i
#v  M2i 7Q`+2 Bb BM i?2 bK2 /B`2+iBQM b i?2 7Q`+2- T`QTQ`iBQMH iQ i?2 K;MBim/2 Q7
i?2 7Q`+2- M/ BMp2`b2Hv T`QTQ`iBQMH iQ i?2 Kbb Q7 i?2 Q#D2+iVX h?2 b2+QM/ `2Hi2b
TQbBiBQM iQ p2HQ+BivX h?2 i`D2+iQ`v Q7 2+? T`iB+H2 i Bb +H+mHi2/ #b2/ QM i?2
bmK Q7 HH ǳTB` TQi2MiBHbǴě7Q`+2b F i,j #2ir22M i M/ HH Qi?2` T`iB+H2b jěTHmb
HH i?`22@#Q/v TQi2MiBHb- 7Qm`@#Q/v TQi2MiBHb- M/ bQ QM UBHHmbi`i2/ BM 6B;m`2 jXRVX
am+?  bmK Bb 2ti`2K2Hv 2tT2MbBp2 iQ +H+mHi2X AM T`+iB+2- i?2 BMi2`+iBQM 2M2`;v
Bb mbmHHv H`;2Hv +QM+2Mi`i2/ BM i?2 TB` i2`KX JMv J. bBKmHiBQMb i`mM+i2 i?2
b2`B2b 7i2` i?2 TB` i2`K M/ +H+mHi2 M ǳ2z2+iBp2Ǵ TB` TQi2MiBH r?B+? bbmK2b
k9
TB`rBb2 //BiBpBiv M/ BM+Hm/2b i?2 p2`;2 2z2+ib Q7 i?2 KMv@#Q/v i2`Kb UM/
[mMimK 2z2+ibV- #b2/ QM 2tT2`BK2MiH /iX
h?2 7Q`+2 i2`Kb BM 1[miBQM jXR `2 ivTB+HHv MQM@HBM2` 7mM+iBQMb Q7 i?2
/BbiM+2b #2ir22M i?2 T`iB+H2b BMpQHp2/X h?2v 7HH BMiQ irQ +i2;Q`B2b, b?Q`i@ M/
HQM;@`M;2X GQM;@`M;2 7Q`+2b `2 i?Qb2 i?i /Q MQi #2+QK2 M2;HB;B#H2 Qp2`  }MBi2
/BbiM+2- M/ i?2`27Q`2 `2[mB`2 BMbT2+iBQM Q7 HH T`iB+H2b /m`BM; +H+mHiBQMX *H+m@
HiBM; HQM;@`M;2 7Q`+2b /B`2+iHv Bb T`+iB+HHv BM72bB#H2 BM KQbi +b2b- M/ b bm+?
 p`B2iv Q7 TT`QtBKi2 K2i?Q/b ?p2 #22M /2p2HQT2/ bm+? b i?2 6bi JmHiBTQH2
J2i?Q/ U6JJV (dd)X .2bTBi2 /pM+2b BM i?2b2 K2i?Q/b- KMv J. bBKmHiBQMb /Q
MQi /B`2+iHv BM+Hm/2 HQM;@`M;2 7Q`+2 i2`Kb /m2 iQ i?2B` 2tT2Mb2X
a?Q`i@`M;2 7Q`+2b QM i?2 Qi?2` ?M/- /Q #2+QK2 M2;HB;B#H2 Qp2`  }MBi2
/BbiM+2X PMHv T`iB+H2b i?i 7HH rBi?BM  HBKBi2/ ǳ+mi@Qz `/BmbǴ UrcV M22/ #2
+QMbB/2`2/ r?2M +H+mHiBM; b?Q`i@`M;2 7Q`+2bX S`iB+H2b QmibB/2 Q7 i?Bb `/Bmb KF2
QMHv  M2;HB;B#H2 +QMi`B#miBQM iQ i?2 iQiH 7Q`+2 M/ /Q MQi M22/ iQ #2 +QMbB/2`2/X
h?2 +mi@Qz `/Bmb Bb ivTB+HHv iF2M b  +QMbiMi T`K2i2` BM KQH2+mH` /vMKB+b
bBKmHiBQMb- M/  bmBi#H2 pHm2 Bb /2i2`KBM2/ i?`Qm;? FMQrH2/;2 Q7 i?2 T?vbB+H
T`Q+2bb2b #2BM; bBKmHi2/X
a?Q`i@`M;2 7Q`+2b Q7i2M /QKBMi2 i?2 2t2+miBQM iBK2 Q7 J. bBKmHiBQMb-
i?2`27Q`2 i?2 +mi@Qz `/Bmb M/ i?2 T`iB+H2 /2MbBiv Ui?2 BMp2`b2 Q7 i?2 p2`;2
b2T`iBQM #2ir22M T`iB+H2b rBi?BM i?2 bBKmHiBQM /QKBM- r?B+? /2T2M/b QM i?2
T?vbB+H T`Q+2bb2b mM/2` bBKmHiBQMV `2 irQ [mMiBiB2b i?i +M ;`2iHv z2+i i?2
Qp2`HH T2`7Q`KM+2X  H`;2` +mi@Qz `/Bmb BM+Hm/2b KQ`2 M2B;?#Qm` T`iB+H2b BM
i?2 +H+mHiBQM Q7 2+? T`iB+H2Ƕb b?Q`i@`M;2 7Q`+2b- r?B+? Bb KQ`2 +QKTmiiBQMHHv
2tT2MbBp2X  HQr2` T`iB+H2 /2MbBiv BKTHB2b i?i i?2`2 rBHH #2 72r2` M2B;?#Qm` T`iB@
+H2b 7HHBM; rBi?BM  ;Bp2M +mi@Qz `/Bmb Q7  T`iB+H2X  bBKmHiBQM Q7  ;b BKTHB2b 
HQr2` T`iB+H2 /2MbBiv i?M  bBKmHiBQM Q7  bQHB/X h?Bb i?2bBb Bb +QM+2`M2/ rBi? i?2
+H+mHiBQM Q7 TB`rBb2 b?Q`i@`M;2 7Q`+2b- M/ r2 MQr `2pB2r +QKKQM TT`Q+?2b
BM i?2 HBi2`im`2X
k8
jXRXR a?Q`i@_M;2 6Q`+2 H;Q`Bi?Kb
h?2 Mśp2 TT`Q+? iQ +H+mHiBM; TB`rBb2 b?Q`i@`M;2 7Q`+2b QM  ;Bp2M T`iB+H2 Bb
iQ Bi2`i2 i?`Qm;? HH Qi?2` T`iB+H2b- +H+mHi2 i?2 /BbiM+2b #2ir22M 2+? TB`- M/
QMHv TTHv 7Q`+2b 7Q` i?Qb2 rBi?BM i?2 +mi@Qz `/BmbX h?Bb iF2b [m/`iB+ iBK2 BM
i?2 MmK#2` Q7 T`iB+H2b M/ Bb i?2`27Q`2 MQi b+H#H2 iQ H`;2` bvbi2KbX
h?Bb +M #2 ++2H2`i2/ #v /2+QKTQbBM; i?2 bBKmHiBQM /QKBM BMiQ /BbDQBMi
mMB7Q`K tBb@HB;M2/ b[m`2 Q` `2+iM;mH` ǳ+2HHbǴX  HBbi Bb KBMiBM2/ 7Q` 2+? +2HH
+QMiBMBM; i?2 T`iB+H2b `2bB/2MiX S`iB+H2@TB` HQQFmTb `2 i?2M `2bi`B+i2/ iQ  bKHH
M2B;?#Qm`?QQ/ Q7 +2HHb rBi?BM i?2 +mi@Qz `/BmbX h?Bb Bb +HH2/ mbBM; ǳ+2HH HBbibǴ- Q`
i?2 ǳHBMF@+2HHǴ TT`Q+? (d9- 9y- d8- k8- 83- jd)X
b +2HHb `2 b[m`2 Q` `2+iM;mH` b QTTQb2/ iQ i?2 bT?2`2 BM/B+i2/ #v i?2
+mi@Qz `/Bmb- +2HH HBbib biBHH +``v M BM2{+B2M+v BM i?2 MmK#2` Q7 T`iB+H2@TB` +?2+Fb
`2[mB`2/X HH T`iB+H2b bbQ+Bi2/ rBi? 2+? +2HH i?i T`iBHHv BMi2`b2+ib i?2 +B`+H2
/2}M2/ #v i?2 +mi@Qz `/Bmb Kmbi #2 BMbT2+i2/- /2bTBi2 i?2 HBF2HB?QQ/ i?i MQi HH
i?2 T`iB+H2b `2 i`mHv rBi?BM i?2 +mi@Qz `/BmbX h?Bb Bb BHHmbi`i2/ BM 6B;m`2 jXkX
q2 `272` iQ i?2b2 7BHBM; +?2+Fb b #2BM; bTm`BQmbX
h?2 BM2{+B2M+v BM+`2b2b b i?2 +2HH bBx2 Bb BM+`2b2/- b H`;2` +2HHb BKTHv 
;`2i2` bTiBH `2 i?i /Q2b MQi BMi2`b2+i i?2 +mi@Qz +B`+H2X 6Q` 2tKTH2- r?2M i?2
+2HHb `2 /2}M2/ b b[m`2b Q7 bB/2 rc- i?2 BKK2/Bi2 M2B;?#Qm`?QQ/ Q7 N +2HHb Kmbi
#2 BMbT2+i2/ 7Q` 2+? T`iB+H2X h?Bb ?b M `2 Q7 (3rc)2- r?B+? Bb Qp2` 2.8 iBK2b
;`2i2` i?M +B`+H2 Q7 `2 ⇡r2c /2}M2/ #v i?2 +mi@Qz `/BmbX bbmKBM;  mMB7Q`K
T`iB+H2 /2MbBiv +`Qbb i?2b2 N +2HHb- e8W Q7 i?2 T`iB+H2@TB` +?2+Fb `2 mMM2+2bb`vX
h?Bb BM+`2b2b iQ 39W BM j@/BK2MbBQMbX q?BH2 i?2 BM2{+B2M+v i2M/b iQ x2`Q rBi?
i?2 +2HH bBx2 Ub22 6B;m`2 jXjV- T`Q;`KKBM; Qp2`?2/b rBHH 2`b2 i?2 #2M2}i Tbi 
+2`iBM TQBMi b i?2 MmK#2` Q7 +2HHb iQ #2 BMbT2+i2/ BM+`2b2b `TB/Hv b i?2 bBx2 Bb
/2+`2b2/X :QMM2i (jk) /Bb+mbb2b `2/m+BM; i?2 BM2{+B2M+v #v bQ`iBM; +2HH T`iB+H2b
++Q`/BM; iQ i?2B` b+H` T`QD2+iBQM QMiQ i?2 p2+iQ` +QMM2+iBM; i?2 +2HH +2Mi`2 M/
i?2 TQbBiBQM Q7 i?2 T`iB+H2 7Q` r?B+? 7Q`+2b `2 #2BM; +H+mHi2/X h?Bb bi`i2;v
ke
6B;m`2 jXk, *2HH HBbib `2 BM2{+B2Mi BM i?2 b2Mb2 i?i T`iB+H2b `2 +?2+F2/ i?i +MMQi
TQbbB#Hv 7HH rBi?BM i?2 +mi@Qz `/BmbX >2`2 i?2 b?/2/ +B`+H2 `2T`2b2Mib  T`iB+H2Ƕb
+mi@Qz `/Bmb- M/ i?2 ;`B/ `2T`2b2Mib  /2+QKTQbBiBQM Q7 i?2 bT+2 BMiQ +2HHbX HH
T`iB+H2b `2 +?2+F2/ rBi?BM 2+? +2HH i?i BMi2`b2+ib i?2 +mi@Qz `/BmbX b bQK2
b[m`2b QMHv T`iBHHv BMi2`b2+i i?2 +B`+H2- T`iB+H2b i?i 7HH rBi?BM i?Qb2 +2HHb- #mi
QmibB/2 Q7 i?2 BMi2`b2+iBQM- `2 +?2+F2/ /2bTBi2 MQi #2BM; rBi?BM i?2 +mi@Qz `/BmbX
HHQrb i?2 H;Q`Bi?K iQ biQT +?2+FBM; /BbiM+2b 7i2` 2M+QmMi2`BM; i?2 }`bi T`iB+H2
i?i 7HHb QmibB/2 Q7 i?2 +mi@Qz `/Bmb- Hi?Qm;? Bi BMi`Q/m+2b Bib QrM Qp2`?2/bX
h?2 bBimiBQM +M Q7i2M #2 BKT`Qp2/ #v miBHBbBM; o2`H2i- Q` ǳM2B;?#Qm`Ǵ-
HBbib (39)X h?Bb TT`Q+? rb }`bi /2p2HQT2/ #v GQmT o2`H2i BM RNedX  HBbi Bb
KBMiBM2/ T2` T`iB+H2- biQ`BM; QMHv i?2 T`iB+H2b rBi?BM  +2`iBM ǳo2`H2i `/BmbǴ
rv Urv   rcVX _i?2` i?M #mBH/BM; i?Bb HBbi 2p2`v iBK2bi2T- 2+? HBbi Bb `2mb2/
 MmK#2` Q7 iBK2b UkVX .QBM; bQ `2[mB`2b FMQrH2/;2 Q7 i?2 KtBKmK /BbiM+2 
T`iB+H2 +M KQp2 BM  bBM;H2 iBK2bi2T- +HH2/ i?2 ǳbFBM /BbiM+2Ǵ Q7 i?2 bBKmHiBQM
UrsVX h?Bb [mMiBiv Bb mb2/ iQ 2Mbm`2 i?i r2 /Q MQi M2;H2+i +QMi`B#miBQMb 7`QK
T`iB+H2b rBi?BM i?2 +mi@Qz `/Bmb Q7  T`iB+mH` `272`2M+2 T`iB+H2X S`iB+H2b i?i
`2 QmibB/2 i?2 +mi@Qz `/Bmb Q7 i?2 `272`2M+2 T`iB+H2 i iBK2bi2T n- #mi r?B+?
+QmH/ TQbbB#Hv 2Mi2` Bi #27Q`2 iBK2bi2T n+k b?QmH/ #2 BM+Hm/2/ rBi?BM i?2 `272`2M+2
T`iB+H2Ƕb o2`H2i HBbiX h?2`27Q`2- i?2 o2`H2i `/Bmb Bb b2i rv = rc + 2krs UrBi? i?2
7+iQ` irQ ++QmMiBM; 7Q` i?2 bBimiBQM r?2`2 irQ T`iB+H2b `2 KQpBM; /B`2+iHv
iQr`/b 2+? Qi?2` i KtBKmK p2HQ+BivVX Ai b?QmH/ #2 MQi2/ i?i o2`H2i HBbib M/
kd
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6B;m`2 jXj, *2HH HBbibě7`+iBQM Q7 mMM2+2bb`v T`iB+H2@TB` +?2+Fb b  7mM+iBQM Q7
+2HH bBx2 7Q`  }t2/ rc UbbmKBM; j bTiBH /BK2MbBQMb M/ mMB7Q`K T`iB+H2 /2MbBivVX
+2HH HBbib `2 MQi KmimHHv 2t+HmbBp2c +2HH HBbib `2 Q7i2M M 2{+B2Mi rv Q7 #mBH/BM;
o2`H2i HBbibX lbBM; i?Bb bi`i2;v- i?2 +Qbi Q7 i`p2`bBM; i?2 +2HH HBbib Bb KQ`iBb2/ Qp2`
k iBK2bi2TbX
PM2 /Bb/pMi;2 Q7 o2`H2i HBbib Bb i?i i?2 MmK#2` Q7 T`iB+H2@TB` +?2+Fb Bb
MQr iB2/ iQ i?2 bT22/ i r?B+? T`iB+H2b KQp2- r?B+? +M #2 mM/2bB`#H2 r?2M i?Bb
Bb  H`;2- Q` ?B;?Hv p`B#H2 [mMiBivX h?2 `2#mBH/ T2`BQ/ k b?QmH/ #2 +?Qb2M iQ
bi`BF2  #HM+2 #2ir22M i?2 7`2[m2M+v Q7 2tT2MbBp2 HBbi `2#mBH/b- M/ i?2 BM+`2b2/
bBx2 Q7 i?2 HBbibX Ai Bb HbQ +H2` i?i i?2 pB#BHBiv Q7 mbBM; o2`H2i HBbib /2T2M/b ?2pBHv
QM i?2 bFBM /BbiM+2c Bi Kmbi #2 bKHH `2HiBp2 iQ i?2 +mi@Qz `/Bmb Q` i?2 MmK#2` Q7
mMM2+2bb`v T`iB+H2@TB` +?2+Fb rBHH #2 iQQ ?B;?X 6B;m`2 jX9 b?Qrb ?Qr i?2 7`+iBQM
Q7 mMM2+2bb`v +?2+Fb BM+`2b2b `TB/Hv rBi? #Qi? k M/ rsX L2p2`i?2H2bb- KMv
KQ/2`M J. +Q/2b- BM+Hm/BM; LJ. (dR) M/ GJJSa (dj)- mb2 o2`H2i HBbibX
L2riQMǶb h?B`/ Gr
b i?2 7Q`+2 i2`Kb `2 #b2/ QM `2HiBp2 T`iB+H2 TQbBiBQMb- Bi b?QmH/ #2 MQi2/ i?i bB;@
MB}+Mi +QKTmiiBQMH `2/mM/M+v 2tBbibX 6QHHQrBM; L2riQMǶb h?B`/ Gr ULjV (8k)-
k3
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6B;m`2 jX9, o2`H2i HBbibě7`+iBQM Q7 mMM2+2bb`v T`iB+H2@TB` +?2+Fb b  7mM+iBQM
Q7 `2#mBH/ T2`BQ/ k M/ bFBM /BbiM+2 rs 7Q`  }t2/ rc UbbmKBM;  mMB7Q`K T`iB+H2
/2MbBivVX
i?2 TB`rBb2 7Q`+2 Q7 T`iB+H2 i QM T`iB+H2 j rBHH #2 i?2 M2;iBp2 Q7 i?2 TB`rBb2 7Q`+2
Q7 T`iB+H2 j QM T`iB+H2 i Uǳ2p2`v +iBQM ?b M 2[mH M/ QTTQbBi2 `2+iBQMǴVX h?Bb
7+i +M #2 2tTHQBi2/ iQ +mi i?2 MmK#2` Q7 7Q`+2 +H+mHiBQMb BM ?H7- M/ Bb mb2/
2ti2MbBp2Hv i?`Qm;?Qmi KMv J. H;Q`Bi?KbX
aTiBH GQ+HBiv
MQi?2` ivT2 Q7 QTiBKBbiBQM BMpQHp2b `2Q`/2`BM; biQ`2/ T`iB+H2b bm+? i?i i?Qb2
HQ+H iQ 2+? Qi?2` BM irQ@Q`@i?`22 /BK2MbBQMH bBKmHiBQM bT+2 `2 HbQ HQ+H BM
i?2 +QKTmi2`Ƕb K2KQ`v U QM2 /BK2MbBQMH bT+2VX aTiBH HQ+HBiv Bb BKTQ`iMi BM
+QMi2KTQ``v +QKTmi2` `+?Bi2+im`2b- r?Qb2 T2`7Q`KM+2 Q7i2M /2T2M/b QM #2BM;
#H2 iQ rQ`F `QmM/ K2KQ`v Hi2M+v #v K2Mb Q7 `2mb2 rBi?BM KmHiBTH2 Hv2`b Q7
++?2- M/ i?2 #BHBiv iQ T`2/B+i M/ T`272i+? /i HBF2Hv iQ #2 M22/2/ BM i?2 M2` 7m@
im`2X uQ 2i HX /Bb+mbb bQ`iBM; T`iB+H2b HQM; M tBb Q7 i?2 bBKmHiBQM /QKBM (3N)X
:QMM2i /Bb+mbb2b /2+`2bBM; bTm`BQmb /BbiM+2 +?2+Fb i?`Qm;? bQ`iBM; (jk)X M@
/2`bQM 2i HX /2KQMbi`i2  bm++2bb7mH TTHB+iBQM Q7  KQ`2 bQT?BbiB+i2/ TT`Q+?-
r?2`2#v T`iB+H2b `2 Q`/2`2/ ++Q`/BM; iQ i?2B` /BbiM+2 HQM;  bT+2@}HHBM; >BH#2`i
+m`p2 (N)X h?2 >BH#2`i +m`p2 Bb +?Qb2M /m2 iQ Bib HQ+HBiv T`2b2`pBM; T`QT2`iB2b (ej)X
kN
jXk S`HH2HBbiBQM Q7 JQH2+mH` .vMKB+b
J. 2t?B#Bib bB;MB}+Mi BM?2`2Mi T`HH2HBbK (R9- kN)X :Bp2M  b2i Q7 TQbBiBQMb- +H@
+mHiBM; i?2 +iBM; 7Q`+2b +M #2 /QM2 BM T`HH2H 7Q` 2p2`v BM/BpB/mH T`iB+H2X h?2
bK2 Bb i`m2 7Q` mT/iBM; p2HQ+BiB2b M/ TQbBiBQMb BM ++Q`/M+2 rBi? L2riQMǶb 2[m@
iBQMb Q7 KQiBQMX SHBKTiQM (dj) /2b+`B#2b i?2 i?`22 KBM rvb Q7 2ti`+iBM; i?Bb
T`HH2HBbK, T`iB+H2 /2+QKTQbBiBQM- 7Q`+2 /2+QKTQbBiBQM M/ bTiBH /2+QKTQbBiBQMX
AM  T`iB+H2 /2+QKTQbBiBQM- 2+? T`HH2H T`Q+2bbQ` iF2b  bm#b2i Q7 i?2
T`iB+H2b BM i?2 bBKmHiBQM M/ Bb `2bTQMbB#H2 7Q` +QKTmiiBQM Q7 HH 7Q`+2b QM i?2b2
T`iB+H2b- M/ 7Q` mT/iBM; i?2B` i`D2+iQ`B2bX 1p2M B7 T`iB+H2b KQp2 rv 7`QK
i?2B` BMBiBH TQbBiBQMb- i?2 bK2 T`Q+2bbQ` `2iBMb +QMi`QH 7Q` i?2 /m`iBQM Q7 i?2
bBKmHiBQMX h?2 /pMi;2b Q7 i?Bb b+?2K2 `2 i?i Bi Bb bBKTH2 iQ BKTH2K2Mi M/
bbB;Mb M 2p2M KQmMi Q7 rQ`F iQ 2+? T`Q+2bbQ`X h?2 KBM T`Q#H2K Bb i?i BM 
/Bbi`B#mi2/ K2KQ`v b2iiBM; Bi `2[mB`2b M HH@iQ@HH +QKKmMB+iBQM QT2`iBQM 7i2`
2+? iBK2bi2T, 2+? T`Q+2bbQ` M22/b iQ FMQr i?2 +m``2Mi TQbBiBQM Q7 HH T`iB+H2b BM
i?2 bBKmHiBQM- M/ Kmbi i?2`27Q`2 b2M/ HH Bib M2rHv +QKTmi2/ T`iB+H2 TQbBiBQMb iQ
2p2`v Qi?2` T`Q+2bbQ`- M/ `2+2Bp2  +QTv Q7 2p2`v Qi?2` T`Q+2bbQ`bǶ BM im`MX h?Bb Bb
M 2tT2MbBp2 QT2`iBQM r?B+? +M b2`BQmbHv BM?B#Bi b+HBM;X
h?Bb /2}+B2M+v +M #2 bQK2r?i `2K2/B2/ #v mbBM;  7Q`+2 /2+QKTQbBiBQM-
r?2`2 2+? T`Q+2bbQ` Bb `2bTQMbB#H2 7Q`  #HQ+F Q7 BMi2`+iBQMb BM i?2 Ki`Bt Q7
T`iB+H2@TB`b Ub22 6B;m`2 jX8 r?B+? +QMi`bib i?Bb rBi? i?2 T`iB+H2 /2+QKTQbBiBQMVX
lM/2` i?Bb b+?2K2 T`Q+2bbQ`b /Q MQi M22/ iQ FMQr HH T`iB+H2 TQbBiBQMb- QMHv i?Qb2
#2HQM;BM; iQ QM2 Q7 i?2B` TB`bX h?Bb `2/m+2b i?2 +QKKmMB+iBQM `2[mB`2K2MibX
aTiBH /2+QKTQbBiBQMb `2 2MiB`2Hv /Bz2`2MiX _i?2` i?M iFBM; M `#Bi``v
bm#b2i Q7 2Bi?2` T`iB+H2b Q` T`iB+H2@TB`b- 2+? T`HH2H T`Q+2bbQ` Bb `2bTQMbB#H2 7Q`
 bm#@`2;BQM Q7 i?2 T?vbB+H bBKmHiBQM bT+2X A7  T`iB+H2 KQp2b bm+? i?i Bi MQ
HQM;2` `2bB/2b rBi?BM  ;Bp2M T`Q+2bbQ`Ƕb bm#@`2;BQM Bi Bb ?M/2/ Qz iQ i?2 M2r
T`Q+2bbQ`X h?Bb /2+QKTQbBiBQM Bb i?2 KQbi +QKTHB+i2/ iQ BKTH2K2Mi #mi ?b i?2
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6B;m`2 jX8, h?2 /Bz2`2M+2 #2ir22M i?2 T`iB+H2 /2+QKTQbBiBQM M/ 7Q`+2 /2+QKTQ@
bBiBQM bi`i2;B2b 7Q` N = 8 T`iB+H2bX h?2 irQ ;`B/b b?Qr HH T`iB+H2@TB`b- M/ i?2
+QHQm`b BM/B+i2 r?B+? Q7 7Qm` T`HH2H T`Q+2bbQ`b Bb `2bTQMbB#H2 7Q` 2+? TB`X UV
b?Qrb i?2 T`iB+H2 /2+QKTQbBiBQM M/ U#V b?Qrb i?2 7Q`+2 /2+QKTQbBiBQMX
jR
6B;m`2 jXe, M 2tKTH2 Q7 M J. /ib2i 2t?B#BiBM; bB;MB}+Mi MQM@mMB7Q`KBiv BM
i?2 T`iB+H2 /2MbBivX
HQr2bi +QKKmMB+iBQM `2[mB`2K2Mib Q7 HHX 1+? T`Q+2bbQ` QMHv M22/b iQ 2t+?M;2
T`iB+H2b rBi? T`Q+2bbQ`b ?M/HBM; /D+2Mi bm#@`2;BQMbX h?2 T`B+2 Q7 i?Bb 2{+B2M+v
+QK2b BM i?2 7Q`K Q7 HQ/ #HM+BM;, B7 QM2 T`Q+2bbQ`Ƕb bm#@`2;BQM +QMiBMb KQ`2
T`iB+H2b i?M i?2 Qi?2`b Bi rBHH iF2 HQM;2` iQ +QKTH2i2 Bib +H+mHiBQMb M/ ?QH/
mT T`Q;`2bbBQM iQ i?2 M2ti iBK2bi2TX AM KMv bBKmHiBQMb i?Bb Bb MQi  bB;MB}+Mi
Bbbm2- r?2`2 T`iB+H2b `2 /2Mb2Hv T+F2/ M/ ?p2 M TT`QtBKi2Hv mMB7Q`K /2MbBiv
+`Qbb i?2 2MiB`2 bBKmHiBQM /QKBMX Pi?2` bBKmHiBQMb- T`iB+mH`Hv #BQHQ;B+H QM2b-
+M 2t?B#Bi bB;MB}+Mi MQM@mMB7Q`KBiv ?2`2 Ub22 6B;m`2 jXe 7Q` M 2tKTH2 i?i r2
rBHH `2im`M iQ BM *?Ti2` 8VX
jXj amKK`v
q2 bmKK`Bb2 i?2 +QKTmiiBQMH J. HBi2`im`2 `2pB2r2/ BM i?Bb +?Ti2` BM h@
#H2 jXRX h?2`2 Bb  ;`2i /2H Q7 rQ`F QM i?Bb bm#D2+i M/ i?Bb +?Ti2` BKb iQ
T`QpB/2  `2T`2b2MiiBp2 bKTH2 Q7 p`BQmb TT`Q+?2b `i?2` i?M M 2t?mbiBp2
HBbiX AM i?Bb i?2bBb r2 MQr KQp2 iQ // MQi?2` iQQH iQ i?2 +QKTmiiBQMH b+B2MiBbiǶb
iQQH#Qt BM i?2 bK2 p2BM b KMv Q7 i?2 mi?Q`b HBbi2/ #Qp2ěi?2 rQ`F Q7 KMv
Q7 r?QK Bb TTHB+#H2 QMHv iQ +2`iBM FBM/b Q7 J. bBKmHiBQMX AM T`iB+mH`- r2
iF2 BMbTB`iBQM 7`QK uQ 2i HX M/ :QMM2ibǶ B/2b QM T`iB+H2 bQ`iBM; (3N- jk) M/
/2p2HQT i?2K rBi? `2bT2+i iQ bBKmHiBQMb rBi? +2`iBM +?`+i2`BbiB+b Q7 ;2QK2i`v
M/ T`iB+H2 KQ#BHBiv Ub /Bb+mbb2/ BM *?Ti2` RV- r?2`2 i?2 TT`Q+?2b bm`p2v2/
jk
o2`H2i URNedV (39) .2p2HQTb o2`H2i HBbib iQ bim/v i?2 i?2`KQ/v@
MKB+H T`QT2`iB2b Q7  bvbi2K Q7 3e9 T`iB+H2b
BMi2`+iBM; i?`Qm;?  G2MM`/@CQM2b TQi2MiBHX
Zm2Mi`2+ M/ "`Qi URNdjV (d9) S`QTQb2b M H;Q`Bi?K bBKBH` iQ +2HH HBbib
r?2`2 2+? +2HH +QMiBMb i KQbi QM2 T`iB+H2X
A/2MiB}2b bBimiBQMb r?2`2 i?Bb K2i?Q/ +M ;Bp2
bT22/mTb Qp2` o2`H2i HBbibX
>Q+FM2v 2i HX URNd9V (9y) S`QTQb2b  HBMF2/@HBbi #b2/ 7Q`KmHiBQM Q7 +2HH
HBbib 7Q` mb2 BM THbK bBKmHiBQMbX
_TTQ`i URN33V (d8) aim/B2b i?2 2z2+iBp2 p2+iQ`BbiBQM Q7 +2HH HBbibX
1p2`2`b M/ E`2K2` URNN9V (k8) 1ti2M/b i?2 B/2b Q7 Zm2Mi`2+ M/ "`Qi `2;`/@
BM; +2HH HBbib r?2`2 2+? +2HH +QMiBMb i KQbi
QM2 T`iB+H2X
SHBKTiQM URNN8V (dj) am`p2vb /Bz2`2Mi rvb iQ T`HH2HBb2 KQH2+mH`
/vMKB+b bBKmHiBQMbX
JiibQM M/ _B+2 URNNNV (83) JQ/B}2b +2HH HBbib #v i?2 mb2 Q7 +2HHb Q7 bB/2
bKHH2` i?M rc iQ /2+`2b2 i?2 MmK#2` Q7 bTm@
`BQmb +?2+FbX
>2BMx M/ >ɃM2M#2`;2` Ukyy9V (jd) S`QTQb2b M Hi2`Mi2 +2HH HBbi 7Q`KmHiBQM
r?B+? +M 2{+B2MiHv ?M/H2 T2`BQ/B+ #QmM/`v
+QM/BiBQMb- r?B+? QT2`i2b #v ;`QmTBM; /D+2Mi
MQM@2KTiv +2HHb BMiQ bi`BT2b ++Q`/BM; iQ  KbFX
uQ 2i HX Ukyy9V (3N) S`QTQb2b QTiBKBbiBQMb iQ i?2 +QK#BMiBQM Q7
+2HH HBbib M/ o2`H2i HBbib i?`Qm;? T`iBH o2`@
H2i HBbi mT/i2b M/ bQ`iBM; /i iQ BKT`Qp2
++?2 T2`7Q`KM+2X
:QMM2i UkyydV (jk) S`QTQb2b  rv iQ ++2H2`i2 b2`+?BM; +2HH HBbib
#v bQ`iBM; T`iB+H2b rBi?BM +2HHb #v i?2B` T`QD2+@
iBQM QMiQ  p2+iQ` +QMM2+iBM; irQ +2HH +2Mi`2bX
M/2`bQM 2i 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U#V
6B;m`2 9Xj, qQ`F2/ 2tKTH2 Q7 T`QD2+iBQM bQ`iBM; 7Q` i?2 b+2M`BQ BM 6B;m`2 9Xk#X
UV b?Qrb i?2 xy@TQbBiBQMb 7Q` 2+? T`iB+H2 UMmK#2`2/ b BM 6B;m`2 9XkV- M/ i?2
+QKTQM2Mib Q7 vˆX AM i?Bb 2tKTH2- r2 iF2 rc = 1- M/ rBb? iQ +H+mHi2 i?2
M2B;?#Qm`b Q7 T`iB+H2 3X h?2 }`bi `Qr BM U#V b?Qrb i?2 T`QD2+iBQMb +H+mHi2/ 7`QK
i?Bb /i- Q`/2`2/ #v T`iB+H2 MmK#2`X AM i?2 b2+QM/ `Qr i?2b2 `2 bQ`i2/- M/ i?2
b?/2/ +2HHb b?Qr i?2 `M;2 Q7 T`iB+H2 T`QD2+iBQMb rBi?BM i?2 `M;2  0.11± rcX AM
i?2 }MH `Qr- i?2 i`m2 /BbiM+2b `2 +H+mHi2/ 7Q` i?2b2 8 +M/B/i2 T`iB+H2b mbBM;
d =
p
(x2   x1)2 + (y2   y1)2X j Q7 i?2b2 /BbiM+2b `2 H2bb i?M rc- +Q``2bTQM/BM;
iQ T`iB+H2b 8- e M/ d b 2tT2+i2/X
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T`QD2+iBQMbX GBbiBM; j ;Bp2b bQK2 2tKTH2 +Q/2 7Q` +H+mHiBM; i?2 T`QD2+iBQMb, 
bBKTH2 /Qi T`Q/m+iX
L2ti r2 Kmbi mb2 i?2 T`QD2+iBQMb iQ /2i2`KBM2 r?B+? Q7 i?2 T`iB+H2b `2
+M/B/i2 M2B;?#Qm`b 7Q` T`iB+H2 3X Hi?Qm;? Bi Bb +H2` 7`QK 6B;m`2 9Xk# r?B+?
T`QD2+i2/ T`iB+H2b 7HH rBi?BM i?2 +mi@Qz `/Bmb Ui?2 ?i+?2/ T`iB+H2bV- Bi Bb MQi
bQ 2bv 7Q` i?2 +QKTmi2` iQ 2{+B2MiHv /2i2`KBM2X h?Bb Bb r?2`2 i?2 T`iB+H2 bQ`i
+QK2b BMX aQ`iBM; i?2 T`iB+H2b #v i?2B` b+H` T`QD2+iBQM K2Mb i?i r2 +M bi2T
i?`Qm;? i?2 T`iB+H2b 2Bi?2` bB/2 Q7 i?2 }HH2/ T`iB+H2 BM Q`/2` Q7 T`QD2+iBQM- M/
i?2`27Q`2 FMQr i?i r?2M r2 `2+? i?2 }`bi T`iB+H2 i?i Bb Qmi Q7 `M;2- i?2`2 `2
MQ Qi?2` TQbbB#H2 +M/B/i2 T`iB+H2bX h?Bb bQ`i2/ Q`/2` Bb b?QrM BM i?2 b2+QM/ HBM2 Q7
6B;m`2 9Xj#- M/ i?2 b?/2/ #HQ+F Q7 T`QD2+iBQMb BM/B+i2b i?2 +M/B/i2 M2B;?#Qm`b
7Q` T`iB+H2 3X
6BMHHv r2 +H+mHi2 i?2 i`m2 M2B;?#Qm`b Q7 T`iB+H2 3- r?B+? `2 ;m`Mi22/
#v 1[miBQM 9XR iQ #2 rBi?BM i?2 b2i Q7 +M/B/i2 M2B;?#Qm`b B/2MiB}2/ #v i?2 +QM@
iB;mQmb #HQ+F Q7 b?/2/ T`QD2+iBQMbX 6Q` 2+? +M/B/i2 M2B;?#Qm` r2 +H+mHi2 i?2
i`m2 /BbiM+2 #2ir22M Bi M/ T`iB+H2 3 mbBM; i?2 ivTB+H 7Q`KmHX h?2 `2bmHib Q7 i?2b2
+H+mHiBQMb `2 b?QrM BM i?2 Hbi HBM2 Q7 6B;m`2 9Xj#- M/ i?2 i`m2 M2B;?#Qm`b Ui?Qb2
7Q` r?B+? i?2 /BbiM+2 Bb H2bb i?M rc = 1V `2 b?/2/ ;`22MX b 2tT2+i2/- i?2b2
+Q``2bTQM/ iQ i?2 T`iB+H2b rBi?BM i?2 +mi@Qz `/Bmb Q`B;BMHHv b?QrM BM 6B;m`2 9XkX
h?Bb +QM+Hm/2b i?2 T`QD2+iBQM bQ`iBM; H;Q`Bi?KX
9Xj *QKTH2tBiv  a+QT2 7Q` PTiBKBbiBQM
q2 +M /2/m+2 i?2 H;Q`Bi?KB+ +QKTH2tBiv Q7 T`QD2+iBQM bQ`iBM; b 7QHHQrbX bbmKBM;
N T`iB+H2b- +H+mHiBM; T`QD2+iBQMb Bb O(N)X aQ`iBM; Bb +QKKQMHv iF2M iQ #2
O(N HQ;N)- ?Qr2p2` i?Bb Kv Q7i2M #2  HQQb2 #QmM/ 7Q` Qm` Tm`TQb2bX h?2 Q`/2`BM;
BM M BKTH2K2MiiBQM Q7 T`QD2+iBQM bQ`iBM; rBHH MQi +?M;2 Km+? 7`QK iBK2bi2T
iQ iBK2bi2T- M/ +M i?2`27Q`2 mb2 i?2 T`2pBQmb iBK2bi2Tb Q`/2`BM; b  ǳM2`Hv
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bQ`i2/Ǵ bi`iBM; TQBMi- r?B+? #`BM;b i?2 +QKTH2tBiv +HQb2` iQ O(N) 7Q` bQK2 bQ`iBM;
H;Q`Bi?Kb U2X;X AMb2`iBQM bQ`iVX 6Q` 2+? T`iB+H2 r2 Kmbi i?2M bi2T i?`Qm;? i?2
b2i Q7 +M/B/i2 M2B;?#Qm`b UH2i mb +HH i?Bb b2i C(i) 7Q` T`iB+H2 iVX A7 r2 H2i M =
(
PN
i=1 |C(i)|)/N Ui?2 K2M bBx2 Q7 C(i)V- i?2M i?Bb Bb O(NM)X h?2`27Q`2 i?2 iQiH
+QKTH2tBiv Bb O(N(1 + HQ;N +M))X h?2 H;Q`Bi?KB+ 2{+B2M+v i?2`27Q`2 ?BM;2b QM
M #2BM; ǳbKHH 2MQm;?Ǵ- r?B+? Bb  T`QT2`iv Q7 i?2 bBKmHiBQM BM [m2biBQMX
*QKTH2tBiv Bb MQi i?2 QMHv 7+iQ` QM r?B+? T2`7Q`KM+2 /2T2M/b ?Qr2p2`-
M/  F2v /pMi;2 Q7 T`QD2+iBQM bQ`iBM; Bb i?2 #BHBiv iQ BKTH2K2Mi Bi BM M 2{+B2Mi
rv rBi? `2bT2+i iQ KQ/2`M ?`/r`2X h?2 T`iB+H2 bQ`i- BM //BiBQM iQ `2bi`B+iBM;
i?2 b2`+? bT+2 7Q` i`m2 M2B;?#Qm`b- ;Bp2b MQi?2` /pMi;2X q2 +M +QK#BM2
i?2 7Q`+2 +H+mHiBQMb rBi? i?2 /BbiM+2 +?2+Fb BMiQ  ǳbi2TTBM;Ǵ H;Q`Bi?K- r?B+?
H2ib mb `2mb2 /BbiM+2 BM7Q`KiBQM- b r2HH b FMQrBM; i?i K2KQ`v ++2bb2b rBHH
#2 2{+B2Mi b HH /i Bb +QMiB;mQmb BM K2KQ`vX b KQ/2`M TTHB+iBQMb `2 Q7i2M
K2KQ`v@#QmM/- i?Bb K2KQ`v 2{+B2M+v Bb  +`m+BH T`QT2`iv Q7 T`QD2+iBQM bQ`iBM;X
GBbiBM; 9 ;Bp2b Tb2m/Q+Q/2 7Q`  bBKTH2 BKTH2K2MiiBQM Q7 i?Bb H;Q`Bi?K UbbmKBM;
T`2@bQ`i2/ ``vbV- r?2`2 7Q` 2+? T`iB+H2 i U2X;X i?2 }HH2/ T`iB+H2 BM 6B;m`2 9XkV-
i?2 +M/B/i2 M2B;?#Qm`b j Ui?2 8 ?i+?2/ T`iB+H2b BM 6B;m`2 9Xk#V `2 B/2MiB}2/
#v bi2TTBM; i?`Qm;? i?2 bQ`i2/ ``vb BM #Qi? /B`2+iBQMb-  7mHH /BbiM+2 +?2+F Bb
T2`7Q`K2/ 7Q` 2+? j- M/ B7 i?i +?2+F Bb Tbb2/ UBX2X B7 j Bb rBi?BM i?2 Q`B;BMH
+mi@Qz `/Bmb BHHmbi`i2/ BM 6B;m`2 9XkV- i?2M i?2 7Q`+2 QM i /m2 iQ j Bb +H+mHi2/
M/ //2/ iQ i?2 iQiH 7Q`+2 QM iX q2 /Q MQi BHHmbi`i2 i?2 bQ`iBM; ?2`2- b 7Q` i?2
Tm`TQb2b Q7 2tTQbBiBQM Mv bQ`iBM; H;Q`Bi?K rBHH /QX
9X9 S`2HBKBM`v *QKT`BbQM iQ o2`H2i GBbib
q?2M b22FBM; iQ +QKT`2 T`QD2+iBQM bQ`iBM; iQ o2`H2i HBbib- Bi Bb ?2HT7mH iQ #`2F
2+? H;Q`Bi?K /QrM BMiQ irQ T`ib, T2`BQ/B+ +QKTmiiBQM M/ 7Q`+2 +QKTmiiBQMX
S2`BQ/B+ +QKTmiiBQM `272`b iQ rQ`F i?i M22/b iQ #2 /QM2 BM T`2T`iBQM 7Q` i?2
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GBbiBM; 9, *@HBF2 Tb2m/Q+Q/2 /2KQMbi`iBM; i?2 }MH T`i Q7 i?2 T`QD2+iBQM bQ`iBM;
H;Q`Bi?KX Ai Bb bbmK2/ i?i i?2 T`QDb ``v +QMiBMb b+H` T`QD2+iBQMb Q7 2+?
T`iB+H2 TQbBiBQM- M/ i?i i?Bb ``v M/ i?2 TQbBiBQM ``vb Tnt- Tnv M/ Tnx
`2 HH bQ`i2/ QM i?2b2 T`QD2+iBQMbX h?2 `2bmHiBM; 7Q`+2 ``vb 7nt- 7nv M/ 7nx
rBHH HbQ #2 bQ`i2/ BM i?Bb KMM2`X h?2 +QM/BiBQMHb rBi? i?2 #`2F bii2K2Mib QM
GBM2b Ry M/ kN `2T`2b2Mi i?2 TQBMib r?2`2 i?2 H;Q`Bi?K +?2+Fb r?2i?2` i?2 T`Q@
D2+iBQMb Q7 T`iB+H2b i M/ j `2 rBi?BM `M;2 Q7 2+? Qi?2`X AKK2/Bi2Hv 7i2`r`/b-
 7mHH /BbiM+2 +?2+F Bb T2`7Q`K2/X A7 i?Bb bm++22/b- i?2 7Q`+2 #2ir22M i?2 TB` Q7
T`iB+H2b Bb +H+mHi2/X
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7Q`+2 +QKTmiiBQM, 7Q` o2`H2i HBbib i?Bb Bb #mBH/BM; i?2 HBbib i?2Kb2Hp2b- BM+Hm/BM;
+QMbi`m+iBM; +2HH HBbib- r?B+? M22/b iQ #2 /QM2 2p2`v k iBK2bi2TbX 6Q` T`QD2+iBQM
bQ`iBM; i?Bb BM+Hm/2b +H+mHiBM; T`iB+H2 T`QD2+iBQMb M/ bQ`iBM; i?2 T`iB+H2b #v
bB/ T`QD2+iBQMb- r?B+? M22/b iQ #2 T2`7Q`K2/ #27Q`2 2p2`v 7Q`+2 +QKTmiiBQMX q2
+HH i?Bb ǳT2`BQ/B+Ǵ b- BM i?2 +b2 Q7 o2`H2i HBbib- Bi /Q2bMǶi M22/ iQ #2 /QM2 2p2`v
iBK2bi2TX
6Q`+2 +QKTmiiBQM `272`b iQ mbBM; i?2 T`2+QKTmi2/ BM7Q`KiBQM iQ +H+mHi2
7Q`+2b 7Q`  ;Bp2M b2i Q7 T`iB+H2 TQbBiBQMb- r?B+? Kmbi #2 /QM2 2p2`v iBK2bi2T 7Q`
#Qi? T`QD2+iBQM bQ`iBM; M/ o2`H2i HBbibX AM i?Bb b2+iBQM r2 /Bb+mbb bQK2 Q7 i?2
i`/2@Qzb #2ir22M T`QD2+iBQM bQ`iBM; M/ o2`H2i HBbibX
9X9XR S2`BQ/B+ *QKTmiiBQM
h?2 H;Q`Bi?KB+ +QKTH2tBiv Q7 i?2 +QMbi`m+iBQM Q7 +2HH HBbib UBX2X #BMMBM; 2+? T`iB+H2
/2T2M/BM; QM i?2 +2HH Bi Bb BMV T`iB+H2b Bb O(N) U+H+mHiBM; i?2 +2HHb M/ //BM; 2+?
T`iB+H2 iQ i?2 TT`QT`Bi2 HBbiVX G2i S(i) #2 i?2 b2i Q7 T`iB+H2b BM +2HH iX *QMbi`m+iBQM
Q7 2+? T`iB+H2Ƕb o2`H2i HBbi /2T2M/b QM i?2 +QMi2Mib Q7 i?2 bm``QmM/BM; 3 ⇥ 3 ⇥ 3
+2HHbX G2i K = Ktj |S(j)|- i?2 bBx2 Q7 H`;2bi +2HHX h?2M +QMbi`m+iBM; HH o2`H2i HBbib
Bb O(NK) UQKBiiBM; i?2 +QMbiMi 7+iQ` 33 = 27VX h?2`27Q`2 i?2 iQiH +QKTH2tBiv
Q7 i?2 T2`BQ/B+ +QKTmiiBQM bbQ+Bi2/ rBi? o2`H2i HBbib Bb O(N(1 + K))X #Qp2
r2 /2`Bp2/ i?2 +QKTH2tBiv 7Q` T`QD2+iBQM bQ`iBM;- M/ i?2 T`i Q7 i?Bb T2`iBMBM;
iQ T2`BQ/B+ +QKTmiiBQM U+H+mHiBM; M/ bQ`iBM; T`QD2+iBQMbV Bb O(N(1 + HQ;N))X
h?2`27Q`2 r2 `2 BMi2`2bi2/ BM i?2 pHm2 Q7 K- M/ ?Qr i?Bb +QKT`2b iQ HQ;N X
h?2 pHm2 Q7 K /2T2M/b QM i?2 bBx2 Q7 i?2 +2HHb- r?B+? /2T2M/b QM i?2 pHm2 Q7
rv- r?B+? BM im`M /2T2M/b QM i?2 T`K2i2`b iQ i?2 bBKmHiBQM Urc- rs- k 2i+XVX AM
//BiBQM iQ i?2 /2T2M/2M+2 QM rv- i?2 MmK#2` Q7 T`iB+H2b BM 2+? +2HH HbQ /2T2M/b
QM i?2 ;2QK2i`v Q7 i?2 bBKmHiBQMc BM  bBKmHiBQM rBi? bB;MB}+Mi MQM@mMB7Q`K
T`iB+H2 /2MbBiv- r2 rQmH/ 2tT2+i bQK2 +2HHb iQ +QMiBM KMv T`iB+H2b- r?2`2b
Qi?2`b rQmH/ +QMiBM MQM2X "`BM;BM; BM M 2tKTH2 7`QK M 2tT2`BK2Mi r2 `mM BM
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*?Ti2` e- rBi? N =Rk3,yyy r2 ?p2 HQ;N ⇡ 17 M/ K = 44 Ui?2 KtBKmK +2HH
HBbi bBx2- Hi?Qm;? i?2 K2M MQM@2KTiv +2HH HBbi bBx2 Bb 7.1VX
b T`2pBQmbHv K2MiBQM2/- i?2 H;Q`Bi?KB+ +QKTH2tBiv Bb QMHv QM2 7+iQ` BM
T2`7Q`KM+2X A7 r2 /B`2+iHv +QKT`2 i?2 HBM2` UO(N)V i2`Kb /Bb+mbb2/ #Qp2 U+H@
+mHiBM; T`QD2+iBQMb M/ +QMbi`m+iBM; +2HH HBbibV- r2 }M/ i?i +QKTmiBM;  +QHH2+iBQM
Q7 N /Qi T`Q/m+ib Ub Bb M2+2bb`v 7Q` i?2 T`QD2+iBQM +H+mHiBQMV Bb Km+? +?2T2`
QM KQ/2`M ?`/r`2 i?M TT2M/BM; N Bi2Kb iQ KMv /BbiBM+i HBbib Ub Bb M2+2bb`v
7Q` i?2 +2HH HBbi +QMbi`m+iBQMVX h?Bb Bb #2+mb2 6GPSb `2 +?2T2` i?M K2KQ`v
++2bb2bX *QMbi`m+iBM; +2HH HBbib Bb HbQ KQ`2 /B{+mHi iQ T`HH2HBb2- b i?`2/b M22/
iQ b2`BHBb2 i?2B` ++2bb iQ i?2 b?`2/ +2HH HBbib iQ pQB/ `+2 +QM/BiBQMbX
//BiBQMHHv r2 Kmbi `2K2K#2` i?i BM i?2 +b2 Q7 o2`H2i HBbib- i?2 T2`BQ/B+
+Qbib `2 KQ`iBb2/ Qp2` k iBK2bi2Tb- r?2`2b i?2 T`QD2+iBQM bQ`iBM; +Qbib Q++m`
2p2`v iBK2bi2TX AM b?Q`i Bi Bb MQi 2bv iQ i?2Q`2iB+HHv +QKT`2 i?2b2 T2`BQ/B+ +QbibX
q2 2tTHQ`2 i?2K 2KTB`B+HHv BM a2+iBQM eXjXkX
9X9Xk 6Q`+2 *QKTmiiBQM
G2i L(i) #2 i?2 H2M;i? Q7 i?2 o2`H2i HBbi bbQ+Bi2/ rBi? T`iB+H2 iX h?2M H2i
Q = (
PN
i=1 |L(i)|)/N - i?2 p2`;2 H2M;i? Q7 HH o2`H2i HBbibX h?2 H;Q`Bi?KB+ +QK@
TH2tBiv Q7 i?2 7Q`+2 +QKTmiiBQM T?b2 r?2M mbBM; o2`H2i HBbib Bb i?2M O(NQ)X q2
?p2 7`QK a2+iBQM 9Xj i?i i?2 +Q``2bTQM/BM; +QKTH2tBiv 7Q` T`QD2+iBQM bQ`iBM; Bb
O(NM)- r?2`2 M Bb i?2 p2`;2 MmK#2` Q7 +M/B/i2 M2B;?#Qm`b T2` T`iB+H2X
h?2b2 +QKTH2tBiB2b `2 i?2`27Q`2 /B`2+iHv +QKT`#H2 rBi? 2KTB`B+H pHm2b Q7 Q M/
M 7Q`  ;Bp2M bBKmHiBQMX q2 T2`7Q`K i?Bb +QKT`BbQM BM *?Ti2` eX
*QKTH2tBiv bB/2-  F2v /pMi;2 Q7 T`QD2+iBQM bQ`iBM; Bb i?2 ?B;?Hv +QM@
iB;mQmb K2KQ`v ++2bb Tii2`M Bi zQ`/b /m`BM; i?2 7Q`+2 br22TbX b i?2 T`iB+H2b
`2 bQ`i2/ i?2v `2 ++2bb2/ BM  HBM2` Q`/2`- r?B+? HHQrb i?2 K2KQ`v bm#bvbi2Kb
iQ rQ`F i T2F 2{+B2M+v- M/ 2M#H2b ?B;?Hv 2{+B2Mi aAJ. p2+iQ`BbiBQMX _mMiBK2
MHvbBb Q7 ?`/r`2 +QmMi2`b `2p2Hb i?i `QmM/ NNX3W Q7 K2KQ`v ++2bb2b /m`BM;
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i?2 7Q`+2 br22Tb ?Bi GR ++?2 Ub22 *?Ti2` eVX h?Bb biM/b BM bi`F +QKT`BbQM iQ
o2`H2i HBbib- r?B+? `2[mB`2 bQT?BbiB+i2/ ;i?2`fb+ii2` K2KQ`v QT2`iBQMb QM 2p2`v
++2bbX
MQi?2` F2v K2i`B+ Bb i?2 MmK#2` Q7 T`iB+H2@TB` +?2+Fb T2`7Q`K2/ #v 2+?
H;Q`Bi?K UT`2pBQmbHv /Bb+mbb2/ BM a2+iBQM jXRXRVX h?2 MmK#2` Q7 +?2+Fb Bb  ;QQ/
T`2/B+iQ` Q7 M H;Q`Bi?KǶb T2`7Q`KM+2 (3e)X q?2i?2` T`QD2+iBQM bQ`iBM; Q` o2`H2i
HBbib `2[mB`2 KQ`2 bTm`BQmb +?2+Fb /2T2M/b QM i?2 bFBM /BbiM+2- `2#mBH/ T2`BQ/-
M/ Qp2`HH T`iB+H2 +QM7Q`KiBQMX hvTB+HHv- T`QD2+iBQM bQ`iBM; rBHH `2[mB`2 72r2`
+?2+Fb HQM; i?2 tBb Q7 T`QD2+iBQM- #mi KQ`2 HQM; Q`i?Q;QMH t2bX h?Bb Bb #2+mb2-
HQM; i?2 tBb Q7 T`QD2+iBQM- T`QD2+iBQM bQ`iBM; QMHv b2`+?2b 7Q` M2B;?#Qm`b mT iQ
rc- r?2`2b o2`H2i HBbib b2`+?2b mT iQ rv > rcX HQM; Q`i?Q;QMH t2b ?Qr2p2`-
T`QD2+iBQM bQ`iBM; Kmbi +?2+F HH T`iB+H2b BM i?2 /QKBM- r?BHbi o2`H2i HBbib biBHH
QMHv M22/b iQ b2`+? mT iQ rvX
9X9Xj *QKKmMB+iBQM *Qbib
b J. bBKmHiBQMb `2 HKQbi Hrvb 2t2+mi2/ QM +Hmbi2`b MQr/vb- Bi Bb BMbi`m+@
iBp2 iQ HQQF i i?2 2z2+i M H;Q`Bi?K KB;?i ?p2 QM i?2 +QKKmMB+iBQM +Qbib Q7
T`iB+H2 /i #2ir22M MQ/2bX q?2M BKTH2K2MiBM;  /Bbi`B#mi2/@K2KQ`v T`HH2HB@
biBQM Q7 J. mbBM;  bTiBH /2+QKTQbBiBQM UMQi2 i?i ?2`2 r2 `2 `272``BM; iQ 
/2+QKTQbBiBQM Q7 i?2 bBKmHiBQM /QKBM #2ir22M MQ/2b- /BbiBM+i 7`QK i?2 bTiBH
/2+QKTQbBiBQM T2`7Q`K2/ b  T`i Q7 i?2 +2HH HBbi H;Q`Bi?K- b22 a2+iBQM jXkV- /@
D+2Mi T`Q+2bbQ`b M22/ iQ b?`2 T`iB+H2 /i bQ i?i T`iB+H2b QM i?2 2/;2 Q7 i?2B`
bm#/QKBMb ?p2 ++2bb iQ T`iB+H2b rBi?BM i?2B` +mi@Qz `/Bmb- #mi QrM2/ #v M@
Qi?2` T`Q+2bbQ`X b o2`H2i HBbib `2 +QMbi`m+i2/ #b2/ QM rv > rc- i?2v `2[mB`2 KQ`2
/i 7`QK /D+2Mi T`Q+2bbQ`b i?M T`QD2+iBQM bQ`iBM; /Q2bX h?2 KQmMi Q7 +QKKm@
MB+iBQM BM+`2b2b +m#B+HHv rBi? M BM+`2b2/ +mi@Qz `/Bmb- bQ +M #2 bB;MB}+MiX
*QMp2`b2Hv- T`QD2+iBQM bQ`iBM; M22/b iQ +QKKmMB+i2 KQ`2 7`2[m2MiHv- bQ ;BM r2
?p2  i`/2@Qz /2T2M/2Mi QM bFBM /BbiM+2X
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9X9X9 *QKT`BM; S`QD2+iBQM aQ`iBM; M/ o2`H2i GBbib BM S`+iB+2
AM *?Ti2`b e M/ d r2 rBHH b22F iQ +QKT`2 T`QD2+iBQM bQ`iBM; M/ o2`H2i HBbib 2K@
TB`B+HHvX b i?2b2 irQ K2i?Q/b QT2`i2 BM  7B`Hv /BbiBM+i KMM2`- Bi Bb BKTQ`iMi
i?i i?2b2 +QKT`BbQMb `2 +`27mHHv +QMbB/2`2/ iQ pQB/ M ǳTTH2b@iQ@Q`M;2bǴ bBi@
miBQMX i  ?B;? H2p2H- r2 `2 b22FBM; iQ /2i2`KBM2 i?2 7bi2bi pBH#H2 rv iQ
2t2+mi2  ;Bp2M bBKmHiBQMX q2 bbmK2 i?i i?Bb `mMiBK2 Bb T`BM+BTHHv #QmM/ #v
i?2 iBK2 iF2M iQ +QKTmi2 b?Q`i@`M;2 TB`rBb2 BMi2`+iBQM 7Q`+2b Ub Bb Q7i2M i?2
+b2 BM J. bBKmHiBQMbVX S`QD2+iBQM bQ`iBM; M/ o2`H2i HBbib `2 #Qi? K2i?Q/b 7Q`
+QKTmiBM; i?2b2 7Q`+2b- M/ r2 bbmK2 i?i bm#biBimiBM; QM2 K2i?Q/ 7Q` i?2 Qi?2`
/Q2b MQi +?M;2 2Bi?2` i?2 `2bmHib Q7 i?2 bBKmHiBQM Q` Mv bT2+i Q7 i?2 TTHB+@
iBQM T2`7Q`KM+2 mM/2` +QMbB/2`iBQM Qi?2` i?M i?2 iBK2 iF2M iQ +QKTmi2 i?2b2
7Q`+2b- M/ i?2 BMBiBHBbiBQM iBK2 Ur?B+? Bb /Bb+QmMi2/ b M2;HB;B#H2 BM i?2 +QMi2ti
Q7  HQM; `mMMBM; bBKmHiBQMVX h?Bb Bb  `2bQM#H2 bbmKTiBQM b KQbi TTHB+iBQMb
`2 #`QF2M mT BMiQ BM/2T2M/2Mi T`ib r?B+? /Q MQi BMi2`+ic i?Bb Bb biM/`/ bQ7ir`2
2M;BM22`BM; T`+iB+2X
b  +QMb2[m2M+2 Q7 i?2 #Qp2- r2 +M 7Q+mb Qm` ii2MiBQM QM i?2 BM/BpB/mH
BKTH2K2MiiBQMb M/ T`K2i2`BbiBQMb Q7 i?2 irQ H;Q`Bi?KbX b o2`H2i HBbib `2
i?2 /2 7+iQ biM/`/ 7Q` +QKTmiBM; b?Q`i@`M;2 TB`rBb2 BMi2`+iBQM 7Q`+2b BM J.
bBKmHiBQMb U/Bb+mbb2/ BM *?Ti2` jV- i?2 QTiBKBb2/ BKTH2K2MiiBQM i?2`2Q7 Bb r2HH
bim/B2/X q2 rBHH /`r 7`QK i?2 HBi2`im`2 iQ 2Mbm`2 i?i Qm` BKTH2K2MiiBQM Q7
o2`H2i HBbib Bb b T2`7Q`KMi b TQbbB#H2 QM i?2 `+?Bi2+im`2b r2 rBHH +QMbB/2`X
b Bb HbQ /Bb+mbb2/ BM *?Ti2` j- o2`H2i HBbib `2[mB`2 b2H2+iBQM Q7 irQ T`BM+BTH
T`K2i2`b /2T2M/2Mi QM i?2 T`iB+mH` TTHB+iBQM BM [m2biBQM, i?2 bFBM@/BbiM+2
rs M/ `2#mBH/ T2`BQ/ kX AM Q`/2` iQ 2Mbm`2 i?i r2 +?QQb2 i?2 pHm2b ;BpBM; i?2
#2bi TQbbB#H2 T2`7Q`KM+2- r2 rBHH T2`7Q`K  7mHH T`K2i2` br22T M/ b2H2+i i?2
#2bi T2`7Q`KBM; pHm2bX
:Bp2M i?2 #Qp2 +QMbB/2`iBQMb- r2 #2HB2p2 i?i i?2 2KTB`B+H +QKT`BbQMb
r2 T`2b2Mi BM i?2 `2KBM/2` Q7 i?2 i?2bBb `2 MQi #Bb2/ BM 7pQm` Q7 2Bi?2` T`QD2+iBQM
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bQ`iBM; Q` o2`H2i HBbib- M/ Tm`2Hv `2~2+i r?B+? Q7 i?2 irQ ;Bp2b i?2 #2bi T2`7Q`KM+2
BM i?2 +QMi2ti Q7 i?2 TTHB+iBQM BM [m2biBQM Ur?B+? r2 /Bb+mbb BM i?2 M2ti +?Ti2`VX
9X8 amKK`v
S`QD2+iBQM bQ`iBM; Bb M H;Q`Bi?K 7Q` +QKTmiBM; TB`rBb2 b?Q`i@`M;2 7Q`+2b BM J.
bBKmHiBQMbX Ai Bb /2bB;M2/ iQ rQ`F BM bBKmHiBQMb r?2`2 i?2 T`iB+H2 /2MbBiv Bb
MQM@mMB7Q`K, bQK2 `2b ?p2 KMv T`iB+H2b M/ Qi?2`b ?p2 MQM2X S`QD2+iBQM
bQ`iBM; rQ`Fb #v +`2iBM;  HBM2` Q`/2`BM; Q7 T`iB+H2b /2T2M/2Mi QM 2+? T`iB+H2Ƕb
b+H` T`QD2+iBQM QMiQ  +2`iBM mMBi p2+iQ` vˆX h?2 `2KBM/2` Q7 i?Bb i?2bBb b22Fb iQ
b?Qr i?i +?QQbBM;  bmBi#H2 p2+iQ` M/ Q`/2`BM; T`iB+H2b BM i?Bb KMM2` +M vB2H/
bT22/mTb Qp2` i`/BiBQMH K2i?Q/bX
9N

*?Ti2` 8
 aBKmHiBQM Q7 *?`QKQbQK2
*QM/2MbiBQM
AM i?Bb +?Ti2`- r2 BMi`Q/m+2  KQ/2`M J. bBKmHiBQM Q7 +?`QKQbQK2 +QM/2MbiBQM
7`QK *?2M; 2i HX (ky)- r?B+? r2 mb2 b  p2?B+H2 7Q` i?2 BKTH2K2MiiBQM Q7 Qm` B/2b
/2b+`B#2/ BM *?Ti2` 9 M/ 2H#Q`i2/ i?`Qm;?Qmi i?2 `2KBM/2` Q7 i?Bb i?2bBbX
AM i?2 b2`+? 7Q`  bmBi#H2 +M/B/i2 TTHB+iBQM 7Q` i?2 2pHmiBQM Q7  M2r
H;Q`Bi?K- i?2 T`BK`v `2H2pMi +?`+i2`BbiB+b `2 b 7QHHQrb,
Ç .QKBM +?`+i2`BbiB+bX h?2 BMimBiBQM #2?BM/ T`QD2+iBQM bQ`iBM; BKTHB2b
i?i Bi rQmH/ #2 KQbi 2z2+iBp2 BM bBKmHiBQMb r?B+? 2t?B#Bi bB;MB}+Mi MQM@
mMB7Q`KBiv BM T`iB+H2 /2MbBiv +`Qbb i?2 bBKmHiBQM /QKBM- bQ r2 rQmH/ HBF2
M TTHB+iBQM i?i 2t?B#Bib i?2b2 +?`+i2`BbiB+bX S`QD2+iBQM bQ`iBM; Bb HbQ
/2bB;M2/ iQ +H+mHi2 b?Q`i@`M;2 7Q`+2b- bQ  bmBi#H2 TTHB+iBQM b?QmH/ #2
?2pBHv /2T2M/2Mi QM i?2 2{+B2Mi +QKTmiiBQM Q7 bm+? 7Q`+2bX
Ç aBx2 UHBM2b Q7 +Q/2VX  T`Q/m+iBQM KQH2+mH` /vMKB+b T+F;2 Bb mMbmBi#H2
b  i2bi#2/ 7Q` M2r B/2b M/ HQr@H2p2H QTiBKBbiBQM rQ`F- b i?2v ivTB+HHv
BMpQHp2 ?mM/`2/b Q7 i?QmbM/b Q7 HBM2b Q7 +Q/2 BKTH2K2MiBM;  p`B2iv Q7 Mm@
M+2/ T?vbB+H KQ/2Hb r?B+? `2 B``2H2pMi iQ i?2 H;Q`Bi?KB+ mM/2`TBMMBM;bX
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aKHH TTHB+iBQMb- Q` KBMB@TTHB+iBQMb- `2[mB`2 H2bb rQ`F r?BH2 biBHH T`QpB/BM;
`2T`2b2MiiBp2 T2`7Q`KM+2 `2bmHibX
Ç a+B2MiB}+ pHm2X A/2HHv i?2 +Q/2 rQmH/ #2 b22BM; +iBp2 mb2- bQ i?i Qm`
QTiBKBbiBQM rQ`F ?b BKT+iX
h?2 bBKmHiBQM 7`QK *?2M; 2i HX }ib r2HH rBi? HH i?`22 Q7 i?2b2X Ai 2t?B#Bib
 ?B;? /2;`22 Q7 MQM@mMB7Q`KBiv BM T`iB+H2 /2MbBiv M/ bT2M/b i?2 KDQ`Biv Q7 Bib
2t2+miBQM iBK2 BM TB`rBb2 b?Q`i@`M;2 7Q`+2 +H+mHiBQMbX Ai Bb HbQ bKHH- +QMbBbiBM;
Q7 TT`QtBKi2Hv dyyy HBM2b Q7 +Q/2- M/ Bb +iBp2Hv #2BM; mb2/ #v /QKBM b+B2MiBbib
i *M+2` _2b2`+? lEX
Pi?2` bKHH J. TTHB+iBQMb- M/ J. KBMB@TTHB+iBQMb- 2tBbi- bm+? b KBM@
BJ. M/ *QJ. 7`QK i?2 JMi2pQ KBMB@TTHB+iBQM bmBi2 (jN)X >Qr2p2` i?2b2 7Q+mb
QM i?2 bBKmHiBQM Q7 ?QKQ;2MQmb Ki2`BHb 2t?B#BiBM; mMbmBi#H2 /QKBM +?`+i2`@
BbiB+b 7Q` 2z2+iBp2 mb2 Q7 i?2 T`QD2+iBQM bQ`iBM; H;Q`Bi?KX
q2 }`bi T`QpB/2  /2b+`BTiBQM Q7 i?2 bBKmHiBQM 7`QK *?2M; 2i HX Bib2H7-
2MmK2`iBM; i?2 KBM +QKTmiiBQMH bT2+ib r?B+? `2 `2H2pMi iQ i?Bb i?2bBbX q2
i?2M #`B2~v /Bb+mbb bQK2 ;2M2`H QTiBKBbiBQMb r2 K/2 iQ i?2 bBKmHiBQM i?i `2
MQi `2Hi2/ iQ T`QD2+iBQM bQ`iBM;X AM *?Ti2` e r2 BKTH2K2Mi T`QD2+iBQM bQ`iBM; M/
2pHmi2 Bib T2`7Q`KM+2 BM  b?`2/ K2KQ`v 2MpB`QMK2Mi- M/ BM *?Ti2` d r2 /Q
i?2 bK2 7Q`  /Bbi`B#mi2/ K2KQ`v 2MpB`QMK2MiX
8XR *?`QKQbQK2 *QM/2MbiBQM
:2MQK2b +M #2 H`;2ěi?2 .L +QKT`BbBM; i?2 ?mKM ;2MQK2 Bb TT`QtBKi2Hv
kK HQM; r?2M bi`2i+?2/ QmiX AM Q`/2` iQ }i BMbB/2 i?2 Mm+H2mb Q7 2+? +2HH- i?2 .L
Bb r`TT2/ `QmM/ KMv #mM/H2b Q7 T`Qi2BMb iQ 7Q`K T+F;BM; mMBib +HH2/ Mm+H2Q@
bQK2b- +QHH2+iBp2Hv +QKT`BbBM;  bi`m+im`2 +HH2/ +?`QKiBMX *?`QKiBMǶb bi`m+im`2
p`B2b rBi? i?2 +2HH +v+H2c r?2M i?2 iBK2 +QK2b 7Q` i?2 +2HH iQ /BpB/2- Bi KQp2b 7`QK
i?2 HQQb2 +QM7Q`KiBQM Q7 Mm+H2QbQK2b M/ .L HBMF2`b UQ7i2M HBF2M2/ iQ ǳ#2/b
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6B;m`2 8XR,  pBbmHBbiBQM Q7 QM2 Q7 i?2 /ib2ib mb2/ě +QM7Q`KiBQM Q7 v2bi
.L /Qii2/ rBi? Mm+H2QbQK2bX
QM  bi`BM;ǴV iQ  KQ`2 iB;?iHv +QKT+i2/ p2`bBQM ivTB+HHv bbQ+Bi2/ rBi? +?`Q@
KQbQK2bX h?Bb T`Q+2bb Bb FMQrM b +?`QKQbQK2 +QM/2MbiBQM- M/ Bi Bb i?Qm;?i
iQ #2 z2+i2/ #v T`Qi2BM +QKTH2t2b FMQrM b +QM/2MbBMb- Hi?Qm;? 2t+iHv ?Qr Bi
?TT2Mb Bb +m``2MiHv MQi r2HH mM/2`biQQ/X
*m``2Mi `2b2`+? HQQFb iQ H2p2`;2 +QKTmiiBQMH i2+?MB[m2b iQ Mbr2` i?Bb
[m2biBQMX h?2 bBKmHiBQM 7`QK *?2M; 2i HX Bb mb2/ iQ bim/v i?2 2z2+ib Q7 /Bz2`2Mi
KQ/2Hb Q7 +QM/2MbBM BMi2`+iBQM QM i?2 +QM/2MbiBQM Q7 +QM7Q`KiBQMb Q7 Mm+H2QbQK2b
M/ HBMF2` .L /2i2`KBM2/ pB BM pBi`Q K2i?Q/b Ub22 6B;m`2 8XRVX h?2 QTiBKBbiBQMb
T`2b2Mi2/ i?`Qm;?Qmi i?Bb i?2bBb `2 BMbi`mK2MiH BM KFBM; Bi 72bB#H2 iQ `mM i?2
H2M;i?v bBKmHiBQMb `2[mB`2/X
8XRXR aBKmHiBQM 6Q`+2b
h?2 bBKmHiBQM i`2ib i?2 Mm+H2QbQK2b b mMB7Q`K T`iB+H2b BM M J. bBKmHiBQM-
rBi? `/Bmb 8 MKX h?2 .L HBMF2`b `2 KQ/2HH2/ b B/2H bT`BM;b 7QHHQrBM; >QQF2Ƕb
Hr Ur?B+? bii2b i?i i?2 7Q`+2 `2[mB`2/ iQ 2ti2M/ Q` +QKT`2bb  bT`BM; #v  ;Bp2M
/BbiM+2 b+H2b HBM2`Hv rBi? i?i /BbiM+2 (8k)V- +QMM2+iBM; 2+? Mm+H2QbQK2 iQ i?2
M2tiX Lm+H2QbQK2b `2 7`22 iQ KQp2 ++Q`/BM; iQ "`QrMBM KQiBQM- bm#D2+i iQ +2`iBM
+QMbi`BMib,
Ç h2MbBQM 7Q`+2b 2t2`i2/ #v .L HBMF2`b UKQ/2HH2/ b B/2H bT`BM;bVc
Ç _2TmHbBQM 7Q`+2b #2ir22M Mm+H2QbQK2b i?i `2 BMi2`b2+iBM;- Q` p2`v +HQb2 iQ
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2+? Qi?2`c
Ç M;mH` i2M/2M+B2b #2ir22M /D+2Mi .L HBMF2`bc
Ç PTiBQMHHv, BMi2`+iBQMb #2ir22M ǳ+QM/2MbBM #BM/BM; bBi2bǴ bT+2/ HQM; i?2
bi`BM;X
AM i?2 Q`B;BMH BKTH2K2MiiBQM- i?2 pbi KDQ`Biv U⇡N8WV Q7 i?2 `mMiBK2 Bb
bT2Mi +QKTmiBM; i?2 `2TmHbBQM 7Q`+2b i?i T`2p2Mi T`iB+H2b 7`QK Qp2`HTTBM;X h?Bb
F2`M2H Bb M 2t+2HH2Mi +M/B/i2 7Q` i?2 T`QD2+iBQM bQ`iBM; H;Q`Bi?KX
_2TmHbBQM 6Q`+2b
hrQ Mm+H2QbQK2b +MMQi Q++mTv i?2 bK2 `2 BM bT+2 i i?2 bK2 iBK2X AM Q`/2`
iQ 2M7Q`+2 i?Bb BM i?2 bBKmHiBQM-  7Q`+2 Bb BM+Hm/2/ i?i `2T2Hb TB`b Q7 Mm+H2QbQK2b
r?Qb2 +2Mi`2b +QK2 p2`v +HQb2 iQ 2+? Qi?2`X 6B;m`2 8Xk BHHmbi`i2b i?2 K;MBim/2
Q7 i?Bb 7Q`+2 b Bi p`B2b #v /BbiM+2X R8 MK Bb i?2 +mi@Qz `/Bmb rc QmibB/2 r?B+? MQ
`2TmHbBQM 7Q`+2b TTHv #2ir22M irQ Mm+H2QbQK2b- M/ Bb 2[mH iQ irB+2 i?2 Mm+H2QbQK2
`/Bmb Q7 8 MK THmb M 2ti` 8 MK iQ /2i2` TQbbB#H2 +QHHBbBQMb QM i?2 M2ti iBK2bi2TX
c3 Bb M 2tT2`BK2MiHHv /2i2`KBM2/ pHm2 b2i iQ Ry TLX
h?Bb Bb  bTiBH 7Q`+2, Bi TTHB2b #2ir22M +HQb2 Mm+H2QbQK2b- BM/2T2M/2Mi Q7
i?2B` ǳbi`BM; Q`/2`Ǵ b +QMM2+i2/ #v .L HBMF2`bX h?Bb Bb MHQ;Qmb iQ oM /2`
qHb (3d) 7Q`+2b BM Qi?2` J. bBKmHiBQMb- r?2`2  +QK#BMiBQM Q7 +2HH HBbib M/
o2`H2i HBbib `2 Q7i2M mb2/ iQ 7+BHBii2 +QKTmiiBQMX AM i?2 Q`B;BMH BKTH2K2MiiBQM
Q7 i?Bb bBKmHiBQM +2HH HBbib r2`2 mb2/ 2t+HmbBp2HvX
*QM/2MbBM AMi2`+iBQM 6Q`+2b
h?2 TTHB+iBQM bmTTQ`ib irQ /BbiBM+i KQ/2b Q7 bBKmHiBQM- 2+? `2T`2b2MiBM; 
/Bz2`2Mi T?b2 Q7 i?2 +2HH +v+H2, BMi2`T?b2 M/ KBiQbBbX JBiQbBb bBKmHiBQM /Bz2`b
7`QK BMi2`T?b2 bBKmHiBQM BM i?i Bi BM+Hm/2b //BiBQMH 7Q`+2b #2ir22M ǳ+QM/2MbBM
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6B;m`2 8Xk, _2TmHbBQM 7Q`+2 QM Mm+H2QbQK2 TB`b rBi?BM R8 MKX  7Q`+2 Q7 Ry TL
`2T2Hb TB`b rBi?BM Ry MK- r?B+? i?2M 7HHb Qz `TB/Hv iQ M2`@x2`Q i R8 MKX 7i2`
R8 MK- MQ `2TmHbBQM 7Q`+2b TTHvX c3 Bb M 2tT2`BK2MiHHv /2i2`KBM2/ pHm2- b2i iQ
Ry TLX
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#BM/BM; bBi2bǴ- r?B+? +Q``2bTQM/ iQ TQBMib QM i?2 bi`BM; r?B+? `2 `B+? BM bT2+B}+
ǳ+QM/2MbBMǴ T`Qi2BMbX
PM p2`;2 2p2`v 93i? Mm+H2QbQK2 Bb /2bB;Mi2/  +QM/2MbBM #BM/BM; bBi2-
q?2M bBKmHiBM; KBiQbBb- i?2b2 bBi2b Kv #BM/ iQ;2i?2` 7Q` 2ti2M/2/ T2`BQ/b- +mb@
BM; i?2 +QM/2MbiBQM Q7 i?2 +?`QKQbQK2 Qp2` iBK2X *?2M; 2i HX (ky) i2bi p`BQmb
?vTQi?2iB+H KQ/2Hb 7Q` i?2b2 BMi2`+iBQMb M/ +QKT`2 i?2 `2bmHib #2ir22M bBKmH@
iBQMb r?2`2 MQ +QM/2MbBM BMi2`+iBQM 7Q`+2b `2 TTHB2/ ;BMbi 2+? KQ/2H BM im`M-
M/ b22 r?B+? #2bi }ib i?2 2tT2`BK2MiH /iX
h?2b2 7Q`+2b `2 HbQ bTiBH BM Mim`2X 6Q` irQ bBi2b iQ #BM/ iQ;2i?2`- i?2v
Kmbi +QK2 rBi?BM 9y MKX q?2M i?Bb Q++m`b- bBi2b `2KBM #QmM/ mMiBH 2Bi?2` i?2v
`2 TmHH2/ T`i #v Qi?2` 7Q`+2b- Q`  ǳ/BbbQ+BiBQM 2p2MiǴ Q++m`b- r?B+? ?b  bKHH
T`Q##BHBiv Q7 ?TT2MBM; 2+? iBK2bi2TX q?2M irQ bBi2b /BbbQ+Bi2- i?2v 2Mi2` 
+QQH/QrM T2`BQ/ Q7 i?`22 iBK2bi2Tb- /m`BM; r?B+? i?2v Kv MQi `2#BM/X q?2M
irQ bBi2b `2 #QmM/- 7Q`+2b `2;mHi2 i?2 /BbiM+2 #2ir22M i?2K- r?B+? p2`;2b
c5 = jy MKX
GBM2` 6Q`+2b
h?2 i2MbBQM 7Q`+2b M/ M;mH` i2M/2M+B2b `2 T`Q/m+ib Q7 i?2 .L HBMF2`bX h?2v
TTHv #2ir22M /D+2Mi Mm+H2QbQK2b BM bi`BM; Q`/2`- ?2M+2 r2 `272` iQ i?2K iQ@
;2i?2` b HBM2` 7Q`+2bX 6B;m`2 8Xj /2KQMbi`i2b ?Qr i?2b2 7Q`+2b `2 TTHB2/ BM
i?2 bBKmHiBQMX h2MbBQM 7Q`+2b `2;mHi2 i?2 /BbiM+2 #2ir22M /D+2Mi Mm+H2QbQK2b-
BKTH2K2Mi2/ #b2/ QM >QQF2Ƕb Gr 7Q` B/2H bT`BM;bX h?Bb ?b i?2 BMi2`2biBM; bB/2
2z2+i Q7 2M7Q`+BM; bQK2 H2p2H Q7 bTiBH HQ+HBiv Ub22 a2+iBQM jXRXRV b M BM?2`2Mi
T`QT2`iv Q7 i?2 bBKmHiBQMX h?i Bb iQ bv- r?2M i?2 Mm+H2QbQK2b `2 biQ`2/ BM K2K@
Q`v #b2/ QM bi`BM; Q`/2`- i?2v `2 BKTHB+BiHv T`iBHHv Q`/2`2/ bTiBHHv- /m2 iQ i?2
i2MbBQM 7Q`+2b T`2p2MiBM; /D+2Mi Mm+H2QbQK2b BM bi`BM; Q`/2` 7`QK #2+QKBM; bT@
iBHHv /BbiMiX h?2 bT`BM; +QMbiMi Bb b2i Ks = 8y TLMK R M/ i?2 `2Ht2/ bT`BM;
H2M;i? c2 = R8 MK- #Qi? #b2/ QM 2tT2`BK2MiH /iX
8e
ψ6B;m`2 8Xj, GBM2` 7Q`+2b, i?2 bQHB/ HBM2b BM/B+i2 i?2 i2MbBQM 7Q`+2b TTHB2/ #v i?2
.L HBMF2`b QM i?2 }HH2/ Mm+H2QbQK2 M/ Bib M2B;?#Qm`bX h?2 /b?2/ HBM2 BM/B+i2b
 r2F 7Q`+2 /2bB;M2/ iQ `2;mHi2 i?2 M;H2  #2ir22M 2+? i`BTH2i Q7 +QMb2+miBp2
Mm+H2QbQK2bX
h?2 `2HiBp2 M;H2b #v r?B+? i?2 .L HBMF2`b 2KMi2 7`QK 2+? Mm+H2QbQK2
`2 `2;mHi2/ #v  r2F 7Q`+2 #2ir22M Hi2`MiBM; TB`b Q7 Mm+H2QbQK2bX h?2 7Q`+2b
`2 imM2/ bm+? i?i i?2 K2M pHm2 Q7  = dyê #b2/ QM 2tT2`BK2MiH /iX
1Mi`QTB+ 6Q`+2b
h?2 "`QrMBM KQiBQM Bb BKTH2K2Mi2/ #v TTHvBM; M BM/2T2M/2Mi- `M/QKHv /B@
`2+i2/ 7Q`+2 Q7 K;MBim/2 c1 = k9.8 TL iQ 2+? Mm+H2QbQK2X h?Bb 7Q`+2 bBKmHi2b i?2
+iBQM Q7 /BzmbBQM rBi?BM  +2HH M/ T`Q/m+2b KQp2K2Mi +QMbBbi2Mi rBi? 2tT2`BK2MiH
/iX
h?2 bBKmHiBQM mb2b i?2 KB/TQBMi K2i?Q/-  b2+QM/@Q`/2` _mM;2@Emii K2i?Q/ (je)-
iQ MmK2`B+HHv +H+mHi2 Mm+H2QbQK2 i`D2+iQ`B2b #b2/ QM i?2 7Q`+2b #Qp2X h?Bb Bb
BHHmbi`i2/ BM 1[miBQM 8XRX
~xt+ t2
= ~xt +
 t
2
~ft
~xt+ t = ~xt + t~ft+ t2
U8XRV
:Bp2M Mm+H2QbQK2 TQbBiBQMb i iBK2 t- ~xt- i?2 +iBM; 7Q`+2b ~ft `2 +H+m@
8d
Hi2/X h?2b2 `2 mb2/ iQ +H+mHi2 i?2 ǳKB/TQBMiǴ TQbBiBQMb- ~xt+ t2 - r?2`2  t `2T@
`2b2Mib M BM bBHB+Q iBK2bi2TX 1+? BM bBHB+Q iBK2bi2T +Q``2bTQM/b iQ TT`QtBKi2Hv
R.eN⇥ Ry 8 bX 6Q`+2b `2 i?2M +H+mHi2/ ;BM 7Q` i?2b2 M2r TQbBiBQMb- ~ft+ t2 - M/
}MHHv mb2/ iQ +H+mHi2 i?2 mT/i2/ TQbBiBQMb i iBK2 t+ t- ~xt+ tX 1tT2`BK2Mib
M22/ iQ `mM 7Q` mT iQ 9y⇥ Rye BM bBHB+Q iBK2bi2TbX
8Xk PTiBKBbiBQMb
S`BQ` iQ mbBM; i?2 bBKmHiBQM BM Qm` 2tT2`BK2Mib r2 T2`7Q`K2/ bQK2 QTiBKBbiBQMb-
#Qi? iQ bbBbi i?2 /QKBM b+B2MiBbib- M/ iQ 2Mbm`2 i?i i?2 +Q/2 rb }i 7Q` +QKT`BM;
b?Q`i@`M;2 7Q`+2 H;Q`Bi?KbX
8XkXR S`HH2HBbiBQM
h?2 Q`B;BMH BKTH2K2MiiBQM Q7 i?2 bBKmHiBQM rb b2`BH bQ Qm` }`bi bi2T rb iQ
T`HH2HBb2 BiX q2 +?Qb2 iQ /Q i?Bb rBi? PT2MJS (eN)- b  rB/2Hv bmTTQ`i2/ M/
mM/2`biQQ/ QT2M biM/`/X b i?Bb Bb  b?`2/ K2KQ`v T`HH2HBbiBQM r2 +?Qb2
iQ mb2  T`iB+H2 /2+QKTQbBiBQM Ub22 a2+iBQM jXkVX 1+? i?`2/ iF2b  +QMiB;mQmb
H2M;i? Q7 i?2 bi`BM; M/ Bb `2bTQMbB#H2 7Q` HH Mm+H2QbQK2b rBi?BMX
8XkXk *2HH GBbib M/ o2`H2i GBbib
Ai rb K2MiBQM2/ #Qp2 i?i i?2 Q`B;BMH BKTH2K2MiiBQM mb2/ +2HH HBbib iQ +H+mHi2
`2TmHbBQM 7Q`+2b- M/ i?i i?2b2 +H+mHiBQMb +QMbmK2/ `QmM/ 95W Q7 i?2 Qp2`HH
`mMiBK2X :Bp2M i?2 bKHH +mi@Qz `/Bmb BM i?Bb bBKmHiBQM- Bi Bb /2bB`#H2 iQ +QMbi`m+i
+2HH HBbib #b2/ QM  }M2 /2+QKTQbBiBQM- Qi?2`rBb2 i?2`2 rBHH #2 KMv bTm`BQmb +?2+FbX
*H+mHiBM; i?2b2 Mśp2Hv U#v HHQ+iBM;  i?`22 /BK2MbBQMH ``v Q7 #BMbV mb2b M
BM72bB#Hv H`;2 KQmMi Q7 K2KQ`v- r?B+? BM+`2b2b +m#B+HHv rBi? i?2 T`Q#H2K bBx2X
b r2 rBb? iQ i2bi i?2 bBKmHiBQM Qp2`  p`B2iv Q7 /ib2ib- r2 BKTH2K2Mi2/ M
Hi2`MiBp2 TT`Q+? mbBM;  HQ+F@7`22 ?b? KT U#b2/ QM J`ÏBb 2i HX (8d)V iQ
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+QMbi`m+i i?2 HBbib BM  Km+? bKHH2` KQmMi Q7 bT+2- rBi?Qmi b+`B}+BM; ?B;?
T2`7Q`KM+2 r?2M `mMMBM; KmHiBTH2 i?`2/bX
q2 i?2M BKTH2K2Mi2/ o2`H2i HBbib QM iQT Q7 i?Bb QTiBKBb2/ +2HH HBbi +QM@
bi`m+iBQMX o2`H2i HBbi `2#mBH/b M/ 7Q`+2 +QKTmiiBQM mbBM; o2`H2i HBbib r2`2 ?M/@
p2+iQ`Bb2/ b /2b+`B#2/ #v S2MMv+QQF 2i HX (dy)X
8XkXj GBM2` 6Q`+2b
h?2 i2MbBQM M/ M;mH` 7Q`+2b r2`2 Q`B;BMHHv +H+mHi2/ b2T`i2HvX b i?2v #Qi?
`2[mB`2 b+MMBM; i?`Qm;? i?2 T`iB+H2b BM bi`BM; Q`/2` r2 Q#iBM2/  bT22/mT #v
+QK#BMBM; i?2B` +H+mHiBQM BMiQ  bBM;H2 ǳHBM2`Ǵ F2`M2HX
8XkX9 1Mi`QTB+ 6Q`+2b
h?2 Q`B;BMH Sb2m/Q _M/QK LmK#2` :2M2`iQ` US_L:V mb2/ Bb MQi i?`2/ b72X
q2 `2TH+2/ i?Bb rBi? QM2 i?i Bb i?`2/ b72- M/ HbQ K2M#H2 iQ +QKTBH2` miQ@
p2+iQ`BbiBQMX h?Bb +K2 i  bHB;?i T2`7Q`KM+2 +Qbi b i?2 bm#biBimi2 ;2M2`iQ`
mb2b KQ`2 bii2 UT`QpB/BM; ?B;?2` [mHBiv `M/QK MmK#2`bVX
6Q` i?2 `2bmHib Q7 i?2b2 QTiBKBbiBQMb r2 `272` i?2 `2/2` iQ Qm` +QKT`BbQM Q7 i?2
Q`B;BMH M/ QTiBKBb2/ bBKmHiBQM BM a2+iBQM eX8X
8Xj amKK`v
AM i?Bb +?Ti2` r2 ?p2 /Bb+mbb2/ i?2 #bB+ i?2Q`v M/ BKTH2K2MiiBQM Q7 i?2 bBK@
mHiBQM r?B+? r2 rBHH mb2 b i?2 #bBb 7Q` i?2 2tT2`BK2MiH T`i Q7 i?2 rQ`F BM
*?Ti2`b e M/ dX aT2+B}+HHv r2 ?p2 +Qp2`2/ i?2 T?vbB+H DmbiB}+iBQM 7Q` 2+? Q7
i?2 7Q`+2b BM+Hm/2/ BM i?2 bBKmHiBQM- bT2+B}+ T`K2i2`b BM i?2 BKTH2K2MiiBQM M/
bQK2 Q7 i?2 +QKTmiiBQMH 7+iQ`bX q2 #`B2~v bm`p2v2/ bQK2 #bB+ QTiBKBbiBQMb
i?i r2 K/2 BM T`2T`iBQM 7Q` i?2 rQ`F BM i?2 mT+QKBM; +?Ti2`bX q2 MQr KQp2
iQ BKTH2K2MiBM; M/ 2pHmiBM; i?2 T`QD2+iBQM bQ`iBM; H;Q`Bi?KX
8N

*?Ti2` e
AKTH2K2MiBM; S`QD2+iBQM
aQ`iBM; PM@MQ/2
AM *?Ti2` 9 r2 /2b+`B#2/ i?2 i?`22 T?b2b Q7 i?2 T`QD2+iBQM bQ`iBM; H;Q`Bi?K-
r?B+? r2 HBbi ;BM ?2`2,
RX a2H2+iBM; tBb Q7 T`QD2+iBQM vc
kX *H+mHiBM; M/ bQ`iBM; T`iB+H2 T`QD2+iBQMbc
jX *H+mHiBM; 7Q`+2b #b2/ QM T`QD2+iBQMbX
AM i?Bb +?Ti2` r2 T`QTQb2 M Mbr2` iQ _2b2`+? Zm2biBQM k U_ZkV,
_Zk, >Qr KB;?i (T`QD2+iBQM bQ`iBM;) T2`7Q`K UM/ ?Qr KB;?i Bi #2 #2bi
BKTH2K2Mi2/V BM  b?`2/@K2KQ`v T`HH2H 2MpB`QMK2Mi\
hQ /Q i?Bb r2 BKTH2K2Mi T`QD2+iBQM bQ`iBM; BM i?2 +QMi2ti Q7 i?2 bBKmHiBQM /2b+`B#2/
BM *?Ti2` 8X aT2+B}+HHv r2 `27`K2 i?2 +H+mHiBQM Q7 i?2 `2TmHbBQM 7Q`+2b BM i2`Kb
Q7 T`QD2+iBQM bQ`iBM;X q2 i?2M +QKT`2 i?2 BKTH2K2MiiBQM 2KTB`B+HHv ;BMbi
o2`H2i HBbib- i?2 bii2 Q7 i?2 `i 7Q` TB`rBb2 b?Q`i@`M;2 7Q`+2 +QKTmiiBQMbX
eR
AM i2`Kb Q7 ?`/r`2- r2 BKTH2K2Mi irQ p2`bBQMb, AMi2H >br2HH M/ AMi2H
EL*X q2 +?Qb2 i?2b2 `+?Bi2+im`2b bQ b iQ `2T`2b2Mi #Qi? i?2 KmHiB@ M/ KMv@
+Q`2 `+?Bi2+im`2b r?B+? /QKBMi2 i?2 >S* HM/b+T2 iQ/vX M Hi2`Mi2 TQTmH`
+?QB+2 7Q` KMv@+Q`2 BKTH2K2MiiBQMb Bb LoA.AǶb :Sl `+?Bi2+im`2bX q2 /2+B/2/
QM s2QM S?B QM i?2 #bBb i?i J. QM :Sl Bb H`2/v r2HH bim/B2/, i?2 2tTHQbBQM BM
TQTmH`Biv Q7 :S:Sl T`Q;`KKBM; ?b H27i 72r b+B2MiB}+ }2H/b mMiQm+?2/X s2QM
S?B Bb  Km+? M2r2` `+?Bi2+im`2 r?Qb2 +?`+i2`BbiB+b- /pMi;2b M/ /Bb/pM@
i;2b `2 H2bb r2HH mM/2`biQQ/X
eXR 1tT2`BK2MiH a2imT
h?`Qm;?Qmi i?Bb +?Ti2` M/ i?2 M2ti r2 T`2b2Mi 2tT2`BK2MiH `2bmHib #b2/ QM Qm`
BKTH2K2MiiBQMbX "2HQr r2 bmKK`Bb2 i?2 b2imT 7Q` i?2b2RX
eXRXR .ib2ib
h?2 BMBiBH /ib2i /2b+`B#2/ #v *?2M; 2i HX (ky) rb /2`Bp2/ 7`QK  #m//BM; v2bi
+2HH M/ +QMiBMb kyyy T`iB+H2bX 6Q` i?`22 KBM `2bQMb- i?Bb Bb MQi H`;2 2MQm;? 7Q`
i?2 2tT2`BK2Mib i?i r2 +QM/m+i BM i?Bb +?Ti2` M/ BM *?Ti2` dX 6B`biHv- i?2 +Bi2/
rQ`F 7`QK *?2M; 2i HX `2T`2b2Mib M BMBiBH 7Q`v BMiQ i?Bb `2- rBi? i?2 BMi2Mi iQ
+QMiBMm2 rBi? H`;2` /ib2ib BM i?2 7mim`2X h?2`27Q`2 r2 M22/ iQ 2Mbm`2 i?i Qm`
H;Q`Bi?K Bb biBHH 2z2+iBp2 b i?2 /ib2i bBx2 BM+`2b2bX a2+QM/Hv- r2 rBb? iQ bi`2bb
i?2 K2KQ`v bm#bvbi2Kb Q7 i?2 ?`/r`2 BMpQHp2/- M/ iQ /Q bQ r2 M22/ H`;2 2MQm;?
/ib2ib i?i /Q MQi }i BMiQ i?2 ?B;?2` H2p2Hb Q7 i?2 K2KQ`v ?B2``+?vX h?B`/Hv M/
}MHHv- i?2 b+HBM; bim/B2b i?i r2 +QM/m+i `2[mB`2 H`;2` /ib2ibX 6Q` 2tKTH2- B7
r2 r2`2 iQ bi`QM; b+H2  bBKmHiBQM Q7 i?2 kyyy T`iB+H2 /ib2i iQ 8Rk +Q`2b- 2+?
+Q`2 rQmH/ QMHv #2 `2bTQMbB#H2 7Q` TT`QtBKi2Hv 9 T`iB+H2b- i r?B+? TQBMi b+HBM;
rQmH/ Q#pBQmbHv #2 HBKBi2/ #v T`Q;`KKBM; Qp2`?2/bX
RLQi2 i?i i?2`2 `2 bQK2 /Bz2`2M+2b BM i?2 b2imT 7Q` i?2 2tT2`BK2Mib BM *?Ti2` d- r?B+? r2
+Qp2` BM a2+iBQM dXRX
ek
b MQ H`;2` `2H /ib2ib r2`2 pBH#H2 r?BH2 i?Bb rQ`F rb #2BM; mM/2`@
iF2M- r2 ;2M2`i2 2ti2M/2/ p2`bBQMb Q7 i?2 Q`B;BMH mbBM; biiBbiB+H K2i?Q/bX avM@
i?2iB+ /ib2ib r2`2 ;2M2`i2/ 7Q` Next = 2k · 103- 2  k  11X h?2 H`;2bi Q7 i?2b2-
rBi? 211 · 103 = k,y93,yyy T`iB+H2b- biBb}2b i?2 #Qp2 +`Bi2`BX "2HQr r2 /2b+`B#2
i?2 T`Q+2bb mb2/ iQ +`2i2 i?2b2 /ib2ibX
q2 /2}M2 i?`22 MQ`KH /Bbi`B#miBQMb- 2+? T`K2i2`Bb2/ mbBM; i?2 bKTH2
K2M M/ bKTH2 biM/`/ /2pBiBQM Q7 i?2 TQbBiBQMH /Bz2`2M+2b #2ir22M bm++2bbBp2
T`iB+H2b BM bi`BM;@Q`/2` HQM; 2+? tBb- x- y M/ z BM i?2 Q`B;BMH /ib2iX h?2`2 `2
N T`iB+H2b- M/ i?2`27Q`2 N   1 /Bz2`2M+2bX 1[miBQMb eXR- eXk M/ eXj b?Qr ?Qr
i?2b2 [mMiBiB2b `2 +H+mHi2/X q2 `2T`2b2Mi i?2 /Bz2`2M+2 #2ir22M i?2 TQbBiBQMb Q7
T`iB+H2b i M/ i + 1 #v  i- i?2 +QKTQM2Mi@rBb2 bKTH2 K2Mb Q7 i?2b2 /Bz2`2M+2b
#v µ- M/ i?2 +QKTQM2Mi@rBb2 bKTH2 biM/`/ /2pBiBQMb #v  X
 i = xi+1   xi UeXRV
µ =
1
N   1
N 1X
i=1
 i UeXkV
  =
sPN 1
i=1 ( i   µ)2
N   2 UeXjV
q2 i?2M ;2M2`i2 M2r +QM7Q`KiBQMb Q7 H2M;i? Next T`iB+H2b #v bKTHBM;
i?2b2 /Bbi`B#miBQMb iQ T2`7Q`K M Next   1 bi2T `M/QK rHFX ai`iBM; #v TH+BM;
 T`iB+H2 i i?2 Q`B;BM- i?2 rHF T`Q+22/b #v bKTHBM; 2+? MQ`KH /Bbi`B#miBQM iQ
+QMbi`m+i M Qzb2i 7`QK i?2 +m``2Mi TQbBiBQM- M/ TH+BM;  M2r T`iB+H2 i i?i
TQBMiX h?2 +QMbi`m+iBQM Q7 i?2 TQbBiBQM Q7 T`iB+H2 i+1 7`QK i?2 TQbBiBQM Q7 T`iB+H2
ej
i Bb b?QrM BM 1[miBQM eX9X
x1 = 0
xi+1 = xi + (Nx(µx, x),Ny(µy, y),Nz(µz, z))
UeX9V
6BMHHv +QM/2MbBM #BM/BM; bBi2b `2 TH+2/ `M/QKHv QM p2`;2 2p2`v 93 T`@
iB+H2bX 7i2` ;2M2`iBQM r2 bBKmHi2 i?2 +QM7Q`KiBQM BM BMi2`T?b2 Ub22 a2+iBQM 8XRXR
7Q` /Bb+mbbBQM Q7 i?2 /Bz2`2M+2 #2ir22M BMi2`T?b2 bBKmHiBQM M/ KBiQbBb bBKmH@
iBQMV 7Q` Ryy,yyy iBK2bi2Tb iQ `2+?  bi#H2 bii2- 7`22 Q7 `i27+ib +mb2/ #v i?2
`M/QK rHF T`Q+2bbX h?2b2 `i27+ib +M BM+Hm/2 T`iB+H2b #2BM; TH+2/ rBi?BM `2@
TmHbBQM `M;2 Q7 2+? Qi?2`- 7` 2MQm;? T`i i?i i2MbBQM 7Q`+2b TmHH i?2K iQ;2i?2`-
Q` BM +QM};m`iBQMb `2[mB`BM; M;mH` +Q``2+iBQM Ub22 a2+iBQM 8XRXR 7Q` /Bb+mbbBQM Q7
i?2b2 7Q`+2bVX
eXRXk J+?BM2 aT2+B}+iBQMb  *QKTBHiBQM
hQ `mM i?2 2tT2`BK2Mib- irQ K+?BM2b r2`2 mb2/X 6B`biHv- hBMBb-  +Hmbi2` i i?2
lMBp2`bBiv Q7 q`rB+F +QMbBbiBM; Q7 kyj MQ/2b- 2+? rBi? k AMi2H s2QM 18@kejy pj
T`Q+2bbQ`b- 7Q` j933 +Q`2b BM iQiHX 1+? MQ/2 Bb 2[mBTT2/ rBi? e9 :" Q7 _JX
aBM;H2 hBMBb MQ/2b r2`2 mb2/ iQ `mM i?2 s2QM 2tT2`BK2MibX
a2+QM/Hv r2 mb2/ *?B`QM- HbQ HQ+i2/ i i?2 lMBp2`bBiv Q7 q`rB+FX h?Bb
K+?BM2 Bb ?Qbi iQ b2p2`H ++2H2`iQ` MQ/2b- k Q7 r?B+? `2 2[mBTT2/ rBi? k AMi2H
s2QM S?B dRkyS +QT`Q+2bbQ`bX aBM;H2 +QT`Q+2bbQ`b r2`2 mb2/ iQ `mM i?2 s2QM S?B
2tT2`BK2MibX q2 `272` i?2 `2/2` iQ h#H2 eXR 7Q` KQ`2 /2iBHbX
HH +Q/2 rb +QKTBH2/ mbBM; i?2 AMi2H *YY +QKTBH2`- pR8XyX9 rBi? i?2 7QH@
HQrBM; T2`7Q`KM+2 ~;b, @Pj @MbB@HBb @[QTi@bbmK2@b72@T//BM; @BTQ
@[QT2MKTX AM //BiBQM- @[QTi@i?`2/b@T2`@+Q`24h rb mb2/- rBi? h b2i iQ i?2
MmK#2` Q7 ?`/r`2 i?`2/b BM mb2 T2` +Q`2 UmbmHHv R QM i?2 *Sl M/ 9 QM i?2 +Q@
T`Q+2bbQ` 7Q` #2bi T2`7Q`KM+2VX *Sl osk p2+iQ`BbiBQM rb 7Q`+2/ rBi? @t*P_1@
e9
!"#$ %&'()*+ ,* !"#$ -./ 01(+-
!"#$%&'×(")%'×*+)%,-' .×/×. 0×10×2
(3"#$ 45678 .92: 09.2
;0<=>-? @ ;. #,#+% 4AB8 <C.>C.? @ .D1 <C.>C.? @ D0.
E%F")G 45B8 12 01
!HEI H!J JKL. AM(
h#H2 eXR, amKK`v Q7 MQ/2 ?`/r`2 +QM};m`iBQMb QM hBMBb M/ *?B`QMX
oskX h?`2/b r2`2 TBMM2/ b2[m2MiBHHv i `mMiBK2 mbBM;  +QK#BMiBQM Q7 i?2
EJSnSG*1nh>_1.a M/ EJSn66ALAhu 2MpB`QMK2Mi p`B#H2bX
eXRXj oHB/iBQM
aBKmHiBQM oHB/iBQM
Pm` QTiBKBb2/ p2`bBQM Q7 i?2 bBKmHiBQM ?b #22M BM/2T2M/2MiHv pHB/i2/ #v i?2
/QKBM b+B2MiBbib i?i mi?Q`2/ i?2 Q`B;BMHX h?2 bBKmHiBQM Bb /2i2`KBMBbiB+ U;Bp2M
 }t2/ `M/QK b22/V- M/ r2 +M i?2`27Q`2 2Mbm`2 i?i i?2 `2bmHib T`Q/m+2/ `2
++m`i2 UM/ #2 +QM}/2Mi i?i i?2 iBK2 iQ bQHmiBQM Bb K2MBM;7mHV #v +?2+FBM; i?i
i?2v /Q MQi /2pBi2 7`QK `mM iQ `mMX
_2bmHib oHB/iBQM
.2iBH2/ iBKBM; BM7Q`KiBQM rb +QHH2+i2/ +`Qbb HH `2b Q7 i?2 +Q/2 mbBM; i?2 `/ib+
?`/r`2 +QmMi2` BM Q`/2` iQ +?B2p2 ?B;? ++m`+v rBi? KBMBKH Qp2`?2/X h?Bb
+QmMi2` `2TQ`ib i?2 MmK#2` Q7 *Sl +HQ+F +v+H2b r?B+? ?p2 Tbb2/ bBM+2 bQK2 }t2/
iBK2 BM i?2 TbiX q2 +M +QMp2`i i?2b2 K2bm`2K2Mib iQ b2+QM/b mbBM; FMQrH2/;2
Q7 i?2 *SlǶb +HQ+F bT22/X AM T`+iB+2 r2 /Q i?Bb +QMp2`bBQM #v K2bm`BM; i?2 iQiH
bBKmHiBQM iBK2 mbBM; i?2 PT2MJS QKTn;2inriBK2UV 7mM+iBQM r?B+? `2im`Mb i?2
MmK#2` Q7 b2+QM/b bBM+2 bQK2 }t2/ iBK2 BM i?2 Tbi b  /Qm#H2@T`2+BbBQM pHm2X q2
iF2 [mQiB2Mi Q7 i?2 MmK#2` Q7 +HQ+F +v+H2b +QmMi2/ Qp2` i?2 bK2 T2`BQ/ M/ i?2
K2bm`2/ rHH iBK2- M/ KmHiBTHv 2+? +QmMi2` #v i?Bb pHm2 iQ Q#iBM i?2 iBK2 BM
e8
!"#$% &' ()##$*+,
!"#$%&' -. )*/01 2",3$//4*$)5,1
!"#(%) -. )*/01 ($// /",+ 3)*,+%53+")*1
!"#(*%"+ -. )*/01 -$%/$+ /",+ 3)*,+%53+")*1
!"#,-%. -. )*/01 !6%$47 84%%"$%,1
/&#$%&' 9: )*/01 2",3$//4*$)5,1
/&#&01. 9: )*/01 9$%;+6%$47 <4%+"3/$ ,)%+1
/&#$2132 9: )*/01 94%4//$/ <4%+"3/$ #$%=$1
/&#,-%. 9: )*/01 !6%$47 84%%"$%,1
2).10/%' >*+%)<"3 ?)%3$,1
"%)2-1 ."*$4% ?)%3$,1
'0)+#$%&' 2",3$//4*$)5, 3)*7$*,"* ?)%3$,1
'0)+#(%) @"*7"*= ,"+$ 8"**"*=1
'0)+#%). @"*7"*= ,"+$ "*+$%43+")*,1
'0)+#,-%. ()*7$*,"* +6%$47 84%%"$%,1
12/*"&%0) A$<5/,")* ?)%3$,1
12/*"&%0)#,-%. A$<5/,")* +6%$47 84%%"$%,1
%).231-.%0) !"#$,+$< "*+$=%4+")*1
'42'5/0%). B5+<5+ 36$3C<)"*+"*=1
,-%. 2",3$//4*$)5, +6%$47 84%%"$%,1
'0$$ 29& 3)##, D,$$ (64<+$% EF1
066"0-+#.7 GH( )I)47 74+4 +%4*,?$% D)5+8)5*7F1
066"0-+#17 GH( )I)47 74+4 +%4*,?$% D"*8)5*7F1
h#H2 eXk, GBbi Q7 iBK2`b mb2/ 7Q` /i +QHH2+iBQMX
b2+QM/bX q2 iF2 i?Bb TT`Q+? `i?2` i?M K2bm`BM; BM b2+QM/b /B`2+iHv iQ 2Mbm`2
i?i i?2`2 Bb MQ +QMi2MiBQM #2ir22M i?2 KMv i?`2/b i`vBM; iQ K2bm`2 i?2 iBK2
bBKmHiM2QmbHvX
h?2 `2bmHib `2TQ`i2/ /Q MQi BM+Hm/2 iBK2 bT2Mi BM BMBiBHBbiBQM Q` b?mi/QrM-
b i?Bb #2+QK2b  M2;HB;B#H2 7`+iBQM Q7 i?2 iQiH `mMiBK2 i i?2 b+H2 Q7 7mHH bBK@
mHiBQMbX Ai b?QmH/ #2 MQi2/ i?i i?2 BMBiBHBbiBQM T?b2 T2`7Q`Kb bQK2 ǳ/mKKv
+H+mHiBQMbǴ BM Q`/2` iQ r`K mT i?2 ++?2b T`BQ` iQ bi`iBM; i?2 bBKmHiBQM T`QT2`X
h#H2 eXk HBbib 2+? BM/BpB/mH iBK2` mb2/ 7Q` /i +QHH2+iBQM BM i?2 2tT2`BK2Mib Ur2
`2TQ`i ;;`2;i2 `2bmHib #b2/ QM i?2 K2bm`2K2Mib 7`QK i?2b2 iBK2`bVX
1+? 2tT2`BK2Mi rb HHQ+i2/  7mHH MQ/2 UMQ/2b BM *?Ti2` dV- iQ 2Mbm`2
i?i i?2`2 rb MQ +QMi2MiBQM 7Q` ?`/r`2 7`QK Qi?2` mb2`bX 1+? 2tT2`BK2Mi rb
`2T2i2/ }p2 iBK2bX b i?2 bBKmHiBQM Bb /2i2`KBMBbiB+ M/ T2`7Q`Kb 2t+iHv i?2 bK2
ee
+H+mHiBQMb QM 2+? `mM rBi? i?2 bK2 BMTmib- r2 +M #2 bm`2 i?i i?2 p`BiBQM
#2ir22M i?2b2 `2bmHib Bb /m2 iQ #+F;`QmM/ MQBb2 QM i?2 MQ/2 UBX2X QT2`iBM; bvbi2K
T`Q+2bb2bVX "2+mb2 i?Bb p`BiBQM Bb Q`i?Q;QMH iQ r?i r2 `2 +imHHv i2biBM; UBX2X
i?2 `mMiBK2 Q7 i?2 bBKmHiBQMV- r2 b2H2+i i?2 HQr2bi `mMiBK2 Qmi Q7 i?2b2 }p2X h?2
Tm`TQb2 Q7 /QBM; }p2 `mMb Bb i?2`27Q`2 iQ 2bi#HBb? i?2 BKT+i Q7 bvbi2K MQBb2 QM i?2
`2bmHib- ?Qr2p2` BM HH +b2b r2 Q#b2`p2/ p2`v HBiiH2 p`BiBQMX
eXRX9 S`K2i2` a2H2+iBQM
HH Qm` 2tT2`BK2Mib ?p2  /m`iBQM Q7 Ryyy iBK2bi2TbX AM i?2Q`v- b 2+? iBK2bi2T
/Q2b 2t+iHv i?2 bK2 i?BM;- Bi /Q2b MQi Kii2` ?Qr KMv r2 +?QQb2 iQ 2t2+mi2- b
HQM; b r2 `2 +QMbBbi2MiX AM T`+iB+2 ?Qr2p2`- i?2`2 `2 irQ BMi2`+iBM; +QMbi`BMib
i?i H2/ mb iQ +?QQb2 Ryyy b i?2 H2M;i? 7Q` Qm` 2tT2`BK2MibX 6B`biHv Bi Bb M2+2bb`v
iQ `mM 7Q` HQM; 2MQm;? i?i i?2 KBMQ` p`BiBQMb Q#b2`p2/ /m2 iQ #+F;`QmM/ bvbi2K
MQBb2 QM i?2 MQ/2 /Bb+mbb2/ BM i?2 T`2pBQmb +?Ti2` `2 M2;HB;B#H2 BM +QKT`BbQMX
a2+QM/Hv- BM *?Ti2` d r2 `mM bi`QM; b+HBM; bim/B2b- r?B+? M2+2bbBii2b bBKmHiBM;
H`;2 /ib2ib i  HQr +Q`2 +QmMiX h?Bb iF2b  p2`v HQM; iBK2- M/ i?2 K+?BM2b
QM r?B+? r2 `mM ?p2 mTT2` HBKBib QM i?2 KQmMi Q7 iBK2 r?B+? Kv #2 `2[m2bi2/X
q2 b2H2+i2/ Ryyy iBK2bi2Tb b  MmK#2` r?B+? Bb 72bB#H2 iQ mb2 r?2M bBKmHiBM;
H`;2 /ib2ib rBi?  bKHH MmK#2` Q7 +Q`2b- M/ T`QpB/2b bm{+B2Mi iQiH `mMiBK2
r?2M bBKmHiBM; i?Qb2 /ib2ib rBi?  H`;2 MmK#2` Q7 +Q`2bX
q?2M mbBM; o2`H2i HBbib- r2 b2i i?2 bFBM /BbiM+2 iQ i?2 2KTB`B+H KBMBKmK
rs = 9y MK- M/ k = 2- r?B+? vB2H/b i?2 #2bi T2`7Q`KM+2 7Q` i?2 ;Bp2M pHm2 Q7 rsX
eXk _2TmHbBQM 6Q`+2b
q2 MQr /Bb+mbb i?2 BKTH2K2MiiBQM Q7 i?2 irQ T2`7Q`KM+2@+`BiB+H +QKTQM2Mib
Q7 i?2 T`QD2+iBQM bQ`iBM; H;Q`Bi?Kěi?2 7Q`+2 br22T M/ i?2 ;HQ#H T`iB+H2 bQ`iX
S`QD2+iBQM bQ`iBM; Bb mb2/ BM i?2 +QMi2ti Q7 i?2 bBKmHiBQM /2b+`B#2/ BM *?Ti2` 8 iQ
ed
T`QpB/2  K2Mb 7Q` i?2 +H+mHiBQM Q7 `2TmHbBQM 7Q`+2b r?B+? T`2p2Mi T`iB+H2b 7`QK
Qp2`HTTBM; 2+? Qi?2` Ub22 a2+iBQM 8XRXR 7Q`  KQ`2 /2iBH2/ /Bb+mbbBQMVX
h?2 ai`m+im`2@Q7@``vb UaQV /i HvQmi Ur?2`2 2+? T`iB+H2 7+2i Bb HB/
Qmi BM/2T2M/2MiHv M/ +QMiB;mQmbHv BM K2KQ`v- +7X ``v@Q7@ai`m+ib UQaVV Bb mb2/
i?`Qm;?Qmi i?2 +Q/2 7Q` TQbBiBQM M/ 7Q`+2 ``vb iQ 7+BHBii2 p2+iQ`BbiBQMX b
 `2bmHi- i?2 +QKTBH2` Bb #H2 iQ miQ@p2+iQ`Bb2 i?2 bBKTH2` F2`M2Hb Ui?2 2Mi`QTB+-
i2MbBQM M/ M;mH` 7Q`+2b- M/ i?2 BMi2;`iBQMV- rBi?  bKHH KQmMi Q7 ?2HT BM
i?2 7Q`K Q7 OT`;K /B`2+iBp2bX h?Qb2 i?i /Q MQi miQ@p2+iQ`Bb2- BM+Hm/BM; i?2
T`QD2+iBQM bQ`iBM; BKTH2K2MiiBQM- ?p2 #22M ?M/@p2+iQ`Bb2/ mbBM; #Qi? osk
M/ EL* BMi`BMbB+b U/2T2M/BM; QM r?2i?2` i?2 +Q/2 Bb #2BM; #mBHi 7Q` *Sl Q` i?2
+QT`Q+2bbQ` `2bT2+iBp2HvVX
eXkXR 6Q`+2 ar22T
.m2 iQ i?2 Mim`2 Q7 p2+iQ`BbiBQM- HH BMbi`m+iBQMb rBi?BM  #`M+? Kmbi #2 2t2+mi2/
B7 Mv Q7 i?2 HM2b i`B;;2` i?2 +QM/BiBQMX AM i?Bb +b2- B7 Mv T`iB+H2b BM i?2 p2+iQ`
Tbb i?2 +mi@Qz +?2+F i GBM2 RR BM GBbiBM; 8- HH i?2 BMbi`m+iBQMb rBi?BM i?i #`M+?
Kmbi #2 2t2+mi2/ 7Q` HH p2+iQ` HM2bX h?Bb BMi`Q/m+2b BM2{+B2M+v- b i?2 b+H`
p2`bBQM QMHv 2t2+mi2b i?2 BMM2` #`M+? QM  T2`@T`iB+H2 #bBb b M2+2bb`vX h?2
+imH BM2{+B2M+v /2T2M/b QM i?2 T`QTQ`iBQM Q7 T`iB+H2b i?i `2 rBi?BM i?2 +mi@Qz
/BbiM+2X 6Q`  aAJ. rB/i? Q7 W - mT iQ W   1 Q7 i?2 7Q`+2 +QKTmiiBQMb +``B2/
Qmi BMbB/2 i?2 #`M+? +QmH/ #2 mMM2+2bb`vX
AM2{+B2M+v HbQ +QK2b 7`QK T//BM; iQ  KmHiBTH2 Q7 i?2 p2+iQ` rB/i? i
i?2 2M/ Q7 2+? 7Q`+2 br22T- M/ 7`QK `2/mM/Mi +QKTmiiBQM /m2 iQ HB;MK2Mi
`2[mB`2K2Mib i i?2 bi`i Q7 2+? 7Q`+2 br22TX 1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HH
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 KtBKmK
rbi;2 Q7 2W   2X h?2 rQ`bi +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GBbiBM; 8, aF2H2iQM BKTH2K2MiiBQM Q7 i?2 7Q`+2 br22TX
eN
++QmMi 7Q`- H2/BM; iQ #2ii2` p2+iQ` 2{+B2M+vX qBi? `2H /ib2ib- i?2 br22Tb `2
[mBi2 b?Q`i bQ i?2 BM2{+B2M+v +M #2 bB;MB}+MiX q2 2tTHQ`2 i?2 2KTB`B+H pHm2b
7Q` i?2b2 BM2{+B2M+B2b BM /2iBH BM a2+iBQM eXjX
AM //BiBQM iQ BM2{+B2M+v `BbBM; 7`QK bBKTHv T2`7Q`KBM; mMM2+2bb`v +QK@
TmiiBQM- Bi Bb HbQ M2+2bb`v iQ 2Mbm`2 i?i i?2b2 bmT2`~mQmb +H+mHiBQMb /Q MQi
z2+i i?2 `2bmHibX h?Bb Bb +?B2p2/ #v mbBM; #H2M/ QT2`iBQMb iQ b2i i?2 Qmi@Q7@`M;2
pHm2b iQ x2`Q- bQ i?i r?2M i?2 p2+iQ` Bb r`Bii2M iQ K2KQ`v QMHv i?2 pHB/ pHm2b
`2 mT/i2/X h?Bb `2[mB`2b k 2ti` +QKT`BbQM QT2`iBQMb QM #Qi? i?2 *Sl M/ i?2
+QT`Q+2bbQ`- j 2ti` #H2M/ QT2`iBQMb QM i?2 *Sl- M/ i?2 //BiBQM Q7 KbFBM; iQ
i?2 }MH i`BTH2i Q7 7mb2/ KmHiBTHv@// BMbi`m+iBQMb mb2/ iQ ++mKmHi2 7Q`+2b QM i?2
+QT`Q+2bbQ`X
h?2 7Q`+2 br22T Bb p2`v ++?2 7`B2M/Hv b HH ++2bb2b `2 +QMiB;mQmbX >`/@
r`2 +QmMi2` MHvbBb 7Q`  `2T`2b2MiiBp2 `mM `2p2Hb i?i NNX3W Q7 HQ/b Bbbm2/ ?Bi
GR ++?2X h?Bb KBMBKBb2b /2Hvb BM ;2iiBM; /i BMiQ i?2 p2+iQ` `2;Bbi2`bX
TT2M/Bt  ;Bp2b 7mHH HBbiBM;b 7Q` Qm` BMi`BMbB+ BKTH2K2MiiBQMbX
eXkXk aQ`iBM;
h?2 Qi?2` +QKTmiiBQMHHv BMi2MbBp2 +QKTQM2Mi Q7 i?2 T`QD2+iBQM bQ`iBM; TT`Q+?
Bb i?2 T`iB+H2 bQ`iX 1+? i?`2/ mb2b  imM2/ BM@TH+2 ZmB+FbQ`i iQ bQ`i i?2 T`iB+H2b
mM/2` Bib +QMi`QHX q2 +M 2tTHQBi i?2 T`iBHHv Q`/2`2/ +QM7Q`KiBQM i 2+? bi2T
iQ ++2H2`i2 i?2 bQ`iX SB`b Q7 bQ`i2/ #HQ+Fb `2 i?2M K2`;2/ Bi2`iBp2Hv mbBM;
i?2 #HM+2/ bvM+?`QMQmb T`HH2H K2`;BM; H;Q`Bi?K /2b+`B#2/ #v 6`M+Bb M/
Ji?B2bQM (jy)X h?Bb 2Mbm`2b i?i 2+? i?`2/ K2`;2b M 2p2M TQ`iBQM Q7 i?2 BMTmi
b2[m2M+2bX 6Q` P i?`2/b- dHQ;2 P e Hv2`b Q7 K2`;BM; `2 `2[mB`2/X
1+? T`iB+H2 +QMbBbib Q7 }p2 TB2+2b Q7 BM7Q`KiBQMěi?2 pHm2 Q7 Bib b+H`
T`QD2+iBQM- Bib (x, y, z) +QQ`/BMi2b BM bT+2- M/ Bib biimb b  +QM/2MbBM #BM/BM;
bBi2X q2 bQ`i M ``v Q7 BM/B+2b }`bi- F2v2/ #v i?2 T`QD2+iBQM pHm2bX h?2b2 BM/B+2b
`2 i?2M mb2/ iQ `2Q`/2` i?2 Qi?2` 7Qm` ``vb BM HBM2` iBK2X
dy
aa1 9Xk URk3@#BiV osk Uk8e@#BiV EL* U8Rk@#BiV
O GM2b UW V k 9 3
h`MbTQb2 j 3 k9
aQ`i e UjYjV k3 UkyY3V Ryy UdeYk9V
"BiQMB+ K2`;2 R8 ke je
h#H2 eXj, LmK#2` Q7 BMbi`m+iBQMb b Bi b+H2b rBi? W 7Q` p`BQmb BM@`2;Bbi2` bQ`iBM;
QT2`iBQMbX
aT22/mT
aa1 9Xk RXjy⇥
osk kXyk⇥
EL* RXjR⇥
h#H2 eX9, _2HiBp2 T2`7Q`KM+2 7Q` p2+iQ`Bb2/ bQ`iBM; Up2`bmb b+H` bQ`iBM;V T2`
aAJ. AaX h?2 b+H` BKTH2K2MiiBQMb mb2  +QKT`BbQM #b2/ bQ`i `i?2` i?M
#BiQMB+ M2irQ`FbX
lbBM; i?2 aQ 7Q`Ki 2M#H2b i?2 mb2 Q7 p2+iQ`Bb2/ BM@`2;Bbi2` bQ`iBM; i2+?@
MB[m2bX "BiQMB+ bQ`iBM; M2irQ`Fb (Ry) `2 7`2[m2MiHv TTHB2/ ?2`2 BM i?2 HBi2`im`2-
b i?2v }i r2HH rBi? 2tBbiBM; aAJ. AabX q2 mb2 i?2 BM@`2;Bbi2` bQ`iBM;fK2`;BM;
b+?2K2 /2b+`B#2/ #v *??m;MB 2i HX (kR)- BKTH2K2Mi2/ rBi? aa1- osk M/ EL*
BMi`BMbB+bX Hi?Qm;? i?2 bBx2 Q7 i?2b2 M2irQ`Fb b+H2b TQQ`Hv rBi? i?2 aAJ. rB/i?
W Ub22 h#H2 eXjV r2 b22 `2bQM#H2 bT22/mTb Ub22 h#H2 eX9VX
q2 HbQ 2tTHQ`2/ b2p2`H Hi2`Mi2 bQ`iBM; bi`i2;B2b- BM+Hm/BM; i?2 MQM@
+QKT`iBp2 `/Bt bQ`iBM; 7KBHv Q7 H;Q`Bi?Kb (d3- 3R)X b r2 `2 bQ`iBM; #b2/
QM e9@#Bi F2v pHm2b UT`QD2+iBQMb `2 biQ`2/ BM /Qm#H2 T`2+BbBQM ~QiBM; TQBMi 7Q`@
KiV i?2b2 `2 i  /Bb/pMi;2- b i?2v `2[mB`2 bTHBiiBM; 2+? F2v mT BMiQ +?mMFb
M/ T2`7Q`KBM; b2p2`H Tbb2b- +?2+FBM; 2+? +?mMF BM im`MX G`;2` F2v bBx2b `2[mB`2
KQ`2 Tbb2b- r?B+? iF2b HQM;2`X q2 7QmM/ i?2 QTiBKH +?mMF bBx2 UQ` `/BtV iQ #2
Re #Bib- #mi i?2 ZmB+FbQ`i Y bvM+?`QMQmb K2`;2 H;Q`Bi?K /2b+`B#2/ #Qp2 biBHH
vB2H/2/ #2ii2` T2`7Q`KM+2X
h?2`2 2tBbi ?v#`B/ bi`i2;B2b- 7Q` 2tKTH2, /QBM; QM2 Tbb Q7 `/Bt@bivH2
#BMMBM; iQ bTHBi i?2 F2vb mT- M/ i?2M bQ`iBM; #BMb BM T`HH2H rBi? KmHiBTH2 i?`2/bX
dR
q2 7QmM/ HQ/ #HM+BM; iQ #2 i?2 KBM Bbbm2 rBi? i?Bbc i?2 A111 d89 ~QiBM; TQBMi
biM/`/ (j) KF2b Bi /B{+mHi iQ T`iBiBQM KMv +HQb2 pHm2b }M2Hv 2MQm;? iQ +?B2p2
bBKBH`Hv bBx2/ #BMbX
eXj S`QD2+iBQM aQ`iBM; pbX o2`H2i GBbib
b /Bb+mbb2/ BM *?Ti2` j- o2`H2i HBbib `2 i?2 /2 7+iQ biM/`/ TT`Q+? iQ TB`rBb2
b?Q`i@`M;2 7Q`+2 +H+mHiBQMbX AM i?Bb b2+iBQM r2 BMp2biB;i2 ?Qr i?2 T2`7Q`KM+2
Q7 i?2 T`QD2+iBQM bQ`iBM; TT`Q+? +QKT`2bX
hQ 7B`Hv +QKT`2 i?2 irQ- r2 M22/ iQ +?QQb2 pHm2b 7Q` i?2 bFBM /BbiM+2 rs
M/ `2#mBH/ T2`BQ/ k i?i KtBKBb2 i?2 T2`7Q`KM+2 Q7 i?2 o2`H2i HBbi TT`Q+? r?BH2
biBHH +QKTmiBM; +Q``2+i `2bmHibX h?2 pHm2b rs = 9y MK M/ k = 2 r2`2 /2i2`KBM2/
#v i`+FBM; i?2 KtBKmK /BbiM+2 KQp2/ #v Mv T`iB+H2 Qp2` M 2tT2`BK2Mi mbBM;
i?2 T`QD2+iBQM bQ`iBM; K2i?Q/- M/ b2iiBM; rs iQ Dmbi ;`2i2` i?M i?i- 2Mbm`BM;
i?i i?2 `2bmHib `2 +Q``2+iX k rb i?2M +?Qb2M iQ KtBKBb2 T2`7Q`KM+2X
eXjXR .BbiM+2 *?2+F *QmMib
 ǳ/BbiM+2 +?2+FǴ Bb  +H+mHiBQM Q7 i?2 /BbiM+2 #2ir22M  TB` Q7 T`iB+H2b- M2+@
2bb`v iQ /2i2`KBM2 r?2i?2` r2 M22/ iQ +H+mHi2 i?2 7Q`+2 #2ir22M i?2KX h?2
MmK#2` Q7 /BbiM+2 +?2+Fb T2`7Q`K2/ #v M H;Q`Bi?K Bb  ;QQ/ T`2/B+iQ` Q7 Bib T2`@
7Q`KM+2 (3e)X h#H2 eX8 b?Qrb i?2 p2`;2 MmK#2` Q7 /BbiM+2 +?2+Fb T2`7Q`K2/
mbBM; 2+? K2i?Q/- rBi? Lj QM M/ Qz- b r2HH b i?2 aAJ. BM2{+B2M+v 7Q` osk
M/ EL* BMi`BMbB+ BKTH2K2MiiBQMb UBX2X i?2 MmK#2` Q7 /BbiM+2 +?2+Fb i?i r2`2
mMM2+2bb`v- M/ QMHv T2`7Q`K2/ b  `2bmHi Q7 aAJ. HBKBiiBQMbVX
S`QD2+iBQM bQ`iBM; T2`7Q`Kb 72r2` /BbiM+2 +?2+Fb Qp2`HH- #mi Bb z2+i2/ KQ`2
#v aAJ. BM2{+B2M+B2bX b /Bb+mbb2/ #Qp2- r?2M Lj Bb MQi mb2/ T`QD2+iBQM bQ`iBM;
`2[mB`2b irQ 7Q`+2 br22TbX h?2`2 Bb aAJ. BM2{+B2M+v i i?2 2M/ Q7 #Qi? Q7 i?2b2
br22Tb- M/ HbQ i i?2 #2;BMMBM; Q7 i?2 br22T /m2 iQ HB;MK2Mi `2[mB`2K2MibX o2`H2i
dk
H;Q`Bi?K Lj\ O +?2+Fb osk BM2zX UOfWV EL* BM2zX UOfWV
Sa L e9Xdj RyXR8 URjX88WV kkXyj Uk8XjNWVu jkX9R eXyy UR8X89WV RjXN3 UjyXRjWV
oG L NRXd9 RX9k URX8kWV jX89 UjXdkWVu 98X3j RX8d UjXjRWV jXey UdXkdWV
h#H2 eX8, J2M MmK#2` Q7 /BbiM+2 +?2+Fb T2`7Q`K2/ T2` T`iB+H2- M/ i?2 MmK@
#2` Q7 mMM2+2bb`v +?2+Fb T2`7Q`K2/ b  `2bmHi Q7 aAJ. BM2{+B2M+B2b 7Q` osk
U9@rB/2V M/ EL* U3@rB/2V BKTH2K2MiiBQMbX h?2 /ib2i mb2/ +QMiBM2/ Rk3,yyy
Mm+H2QbQK2b- rBi? rs = 40 M/ k = 2X
HBbib QMHv `2[mB`2 QM2 br22T `2;`/H2bb Q7 Lj- M/ ?p2 MQ HB;MK2Mi `2[mB`2K2Mib b
i?2v `2 HHQ+i2/ QM  ++?2 HBM2 #QmM/`vX b r2 b+H2 mT iQ rB/2` aAJ.- r2 b22
i?2 T`QD2+iBQM bQ`iBM; i2+?MB[m2 TT`Q+?BM; i?2 QT2`iBQM Q7 o2`H2i HBbib BM i2`Kb
Q7 i?2 MmK#2` Q7 /BbiM+2 +?2+Fb T2`7Q`K2/X i +m``2Mi aAJ. rB/i?b ?Qr2p2`-
T`QD2+iBQM bQ`iBM; biBHH `2[mB`2b i?2 72r2bi +?2+Fb BM HH +b2bX
eXjXk S2`BQ/B+ *Qbib
 F2v T`i Q7 i?2 o2`H2i HBbi H;Q`Bi?K Bb i?2 mb2 Q7 +2HH HBbib iQ ++2H2`i2 i?2 HBbi
#mBH/ T?b2X h?2 bBKmHiBQM bT+2 Bb /Bb+`2iBb2/ BMiQ +m#2b Q7 bB/2 rv Ui?2 o2`H2i
`/Bmb- rv = rc + krsV M/ T`iB+H2b `2 #BMM2/ ++Q`/BM;HvX q?BH2 i?Bb bi2T Bb
M2+2bb`v U+QMbi`m+iBQM Q7 i?2 o2`H2i HBbib iF2b iBK2 [m/`iB+ BM i?2 MmK#2` Q7
T`iB+H2b Qi?2`rBb2V- mbBM;  Mśp2 i?`22 /BK2MbBQMH ``v K2i?Q/ K2Mb i?2 +2HH
HBbib +QMbmK2  p2`v H`;2 KQmMi Q7 K2KQ`vX h?Bb Bb 2bT2+BHHv i`m2 BM Qm` +b2
/m2 iQ i?2 MQM@mMB7Q`K T`iB+H2 /2MbBivX JMv Q7 i?2 +2HH HBbib `2 2KTiv- #mi bT+2
7Q` i H2bi  TQBMi2` Kmbi biBHH #2 T`2@HHQ+i2/X
b i?2 +QM7Q`KiBQM Bb +QM+2Mi`i2/ BM  bKHH TQ`iBQM Q7 bBKmHiBQM bT+2-
r2 BMbi2/ +?QQb2 iQ BKTH2K2Mi i?2 +QMbi`m+iBQM mbBM;  HQ+F@7`22 ?b? i#H2- r?2`2
+2HH HBbib `2 QMHv HHQ+i2/ r?2M  T`iB+H2 +imHHv M22/b iQ #2 //2/X PM+2 M
HHQ+iBQM ?b Q++m``2/ r2 /Q MQi 7`22 i?2 K2KQ`v mMiBH i?2 2M/ Q7 i?2 bBKmHiBQMX
h?Bb Bb /QM2 iQ pQB/ i?2 H`;2 Qp2`?2/ Q7 +QMiBMmHHv 7`22BM; M/ `2HHQ+iBM;
dj
H;Q`Bi?K Lj\ O +H+bX osk BM2zX UOfWV EL* BM2zX UOfWV
Sa L RXe3 9Xd9 UdjX3jWV RyX8R U3eXkRWVu yX39 kXj3 UdjXNRWV 8X9d U3eXeNWV
oG L RXe3 jX8j UedXd8WV dX3y U3kXk3WVu yX39 kXy8 UdyXNjWV 9XeN U39X3RWV
h#H2 eXe, J2M MmK#2` Q7 7mHH M2B;?#Qm` 7Q`+2 +H+mHiBQMb T2`7Q`K2/ T2` T`iB+H2-
M/ i?2 MmK#2` Q7 mMM2+2bb`v +H+mHiBQMb T2`7Q`K2/ b  `2bmHi Q7 aAJ. BM2{@
+B2M+B2b 7Q` osk U9@rB/2V M/ EL* U3@rB/2V BKTH2K2MiiBQMbX h?2 /ib2i mb2/
+QMiBM2/ Rk3,yyy Mm+H2QbQK2b- rBi? rs = 40 M/ k = 2X
K2KQ`v i?i Bb HBF2Hv iQ #2 `2mb2/ MvrvX lbBM; iQKB+ QT2`iBQMb `i?2` i?M
Kmi2t2b 2Mbm`2b BMi2`MH +QMbBbi2M+v rBi? KBMBKH T2`7Q`KM+2 T2MHiB2bX h?Bb
K2i?Q/ Bb bHQr2` i?M bBKTHv HHQ+iBM; HH #BMb i i?2 bi`i- #mi mb2b Q`/2`b Q7
K;MBim/2 H2bb K2KQ`v- M/ b bm+? Bb 72bB#H2 7Q` H`;2` /ib2ibX
6B;m`2b eXR M/ eXk +QKT`2 i?2 +Qbib Q7 o2`H2i HBbi `2#mBH/b mbBM; i?Bb
b+?2K2 M/ i?2 T`iB+H2 bQ`i `2[mB`2/ #v i?2 T`QD2+iBQM bQ`iBM; H;Q`Bi?KX h?2 bQ`i
Bb +H2`Hv +?2T2` i?M i?2 o2`H2i HBbi `2#mBH/- 2p2M i?Qm;? Bi Bb T2`7Q`K2/ 9 iBK2b
b Q7i2M UrBi? k = 2VX
eXjXj 6Q`+2 ar22T *Qbib
6BMHHv- r2 +QKT`2 i?2 +Qbi Q7 i?2 7Q`+2 br22TbX o2+iQ`BbiBQM Bb  KDQ` +QMbB/2`@
iBQM- M/ h#H2 eXe b?Qrb i?2 2KTB`B+H pHm2b 7Q` i?2 BM2{+B2M+v `BbBM; 7`QK rbi2/
+QKTmiiBQM BMbB/2 i?2 7Q`+2 +H+mHiBQM #`M+?X b /Bb+mbb2/ BM a2+iBQM eXkXR- r2
b22 p2`v ?B;? 7`+iBQMb TT`Q+?BM; W 1W ?2`2 /m2 iQ i?2 HQr `i2 Q7 BMi2`+iBQMb #2@
ir22M T`iB+H2b U#`Qm;?i QM #v i?2 bKHH +mi@Qz /BbiM+2VX h?Bb BKT+ib i?2 Qp2`HH
aAJ. bT22/mT b i?2 rB/i? BM+`2b2bX o2`H2i HBbib ?p2 bHB;?iHv HQr2` BM2{+B2M+B2b
b i?2v T`2b2`p2 i?2 Q`/2` Q7 T`iB+H2b #2ii2` i?M T`QD2+iBQM bQ`iBM;X
6B;m`2b eXR# M/ eXk# b?Qr i?2 7mHH br22T +QKT`BbQMX AMi2`2biBM;Hv- i?2
7bi2bi QTiBQM ?2`2 Bb T`QD2+iBQM bQ`iBM; rBi? Lj /Bb#H2/X Lj +mib i?2 MmK#2` Q7
/BbiM+2 +?2+Fb BM ?H7- bQ QM2 rQmH/ bbmK2 i?i Bi b?QmH/ #2 7bi2`X >Qr2p2` b
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Bi2`iBQMb Q7 i?2 Qmi2` HQQT Qp2` T`iB+H2b Q++m` +QM+m``2MiHv- M/ Lj BMi`Q/m+2b
K2KQ`v biQ`2b iQ T`iB+H2b Qi?2` i?M i?2 QM2 BM/2t2/ #v i?2 Qmi2` HQQT- mbBM; i?Bb
bi`i2;v `2[mB`2b i?i r2 BMi`Q/m+2  K2bm`2 iQ T`2p2Mi /i@`+2b BM mT/iBM;
i?2 7Q`+2 ``vX h?2`2 `2 irQ KBM rvb Q7 /QBM; i?Bb- }`biHv #v K2Mb Q7 i?`2/@
HQ+H biQ`;2- r?2`2 2+? i?`2/ r`Bi2b Bib 7Q`+2b iQ  b2T`i2 HQ+iBQM BM K2KQ`v-
M/ 2+? i?`2/Ƕb +QMi`B#miBQMb `2 //2/ mT i i?2 2M/X h?2 b2+QM/ Bb iQ KF2
7Q`+2 mT/i2b iQKB+ i i?2 ?`/r`2 H2p2H- bQ i?i QM2 i?`2/ +MMQi `2/ M
BMpHB/ pHm2 /m`BM; MQi?2` i?`2/Ƕb biQ`2X "Qi? TT`Q+?2b r2`2 i`B2/- M/ Bi rb
/2i2`KBM2/ i?i iQKB+b r2`2 KQ`2 2{+B2Mi QM i?2 T`2b2Mi ?`/r`2 UHBF2Hv /m2
iQ i?2 HQr MmK#2` Q7 T`iB+H2b i?i Tbb i?2 /BbiM+2@+?2+FbVX .2bTBi2 i?Bb- i?2
//BiBQMH +Qbi Q7 iQKB+ QT2`iBQMb Qmir2B;?b i?2 #2M2}ib T`QpB/2/ #v LjX h?2
;T Bb 2bT2+BHHv T`QMQmM+2/ QM s2QM S?B- b Bi Bb `mMMBM; R8⇥ b KMv i?`2/bX
b Bb r2HH 2bi#HBb?2/- Lj BKT`Qp2b T2`7Q`KM+2 7Q` o2`H2i HBbibX
AM +QM+HmbBQM- T`QD2+iBQM bQ`iBM; rBMb QM HH 7`QMib BM i?2b2 i2bib- 2t?B#BiBM;
i?2 HQr2bi MmK#2` Q7 /BbiM+2 +?2+Fb- i?2 +?2T2bi T2`BQ/B+ +Qbib- M/ i?2 7bi2bi
7Q`+2 br22TbX h?2 MQM@mMB7Q`KBiv BM i?2 T`iB+H2 /2MbBiv M/ i?2 7bi KQpBM; T`iB@
+H2b UM2+2bbBiiBM;  ?B;? pHm2 7Q` rsV `2 i?2 T`BK`v `2bQMb i?i o2`H2i HBbib `2
BM2z2+iBp2 7Q` i?Bb bBKmHiBQMX Ai Bb +H2` i?i T`QD2+iBQM bQ`iBM; +M #2 M 2z2+iBp2
Hi2`MiBp2X h?2 T`BK`v 7+iQ`b iQ +QMbB/2` r?2M +?QQbBM; M H;Q`Bi?K `2 UBM
Q`/2` Q7 BKTQ`iM+2V,
Ç lMB7Q`KBiv Q7 i?2 T`iB+H2 /2MbBiB2bc
Ç p2`;2 KQp2K2Mi Q7 T`iB+H2b T2` iBK2bi2T UHQr2` HHQrb 7Q`  bKHH2` rs- M/
i?2`27Q`2 #2ii2` o2`H2i HBbi T2`7Q`KM+2Vc
Ç S`QD2+iBQM bQ`iBM; mb2b K2KQ`v #M/rB/i? KQ`2 2z2+iBp2Hvc
Ç >B;?2` aAJ. rB/i? 7pQm`b o2`H2i HBbibX
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6B;m`2 eXk, S2`7Q`KM+2 };m`2b 7Q` Sa F2`M2Hb M/ oG F2`M2Hb QM  *?B`QM +QT`Q@
+2bbQ` `mMMBM; k99 i?`2/b- 7`QK 9yyy mT iQ k8e,yyy T`iB+H2bX UV b?Qrb T2`BQ/B+
+Qbib M/ U#V b?Qrb 7Q`+2 +H+mHiBQM +QbibX GQr2` iBK2 Bb #2ii2`X
dd
eX9 *QM/2MbBM AMi2`+iBQM 6Q`+2b
h?2 Qi?2` +QKTmiiBQMHHv BMi2MbBp2 7Q`+2 +H+mHiBQM T2`iBMb iQ i?2 BMi2`+iBQMb
#2ir22M ǳ+QM/2MbBM #BM/BM; bBi2bǴěKQ/2HH2/ b bT2+BH Mm+H2QbQK2b Q++m``BM; HQM;
i?2 H2M;i? Q7 i?2 bi`BM; i B``2;mH` BMi2`pHb- rBi? M p2`;2 b2T`iBQM Q7 93
Mm+H2QbQK2bX h?2b2 bBi2b +M BMi2`+i r?2M i?2v +QK2 +HQb2- M/ #2+QK2 bim+F
iQ;2i?2` 7Q` 2ti2M/2/ T2`BQ/b- T`QKTiBM; i?2 +QM/2MbiBQM Q7 i?2 bi`BM; Qp2` iBK2X
aBi2b r?Qb2 +2Mi`2b +QK2 rBi?BM 9y MK Q7 2+? Qi?2` 2tT2`B2M+2 ii`+iBp2
7Q`+2b- mT iQ  HBKBi2/ MmK#2` Q7 BMi2`+iBQMb T2` bBi2- T2` iBK2bi2T UivTB+HHv +TT2/
i R Q` kVX h?2`2 Bb HbQ  biQ+?biB+ +QKTQM2Mi, 7Q` 2+? BMi2`+iBQM- M/ 2+?
iBK2bi2T i?2`2 Bb  bKHH +QM};m`#H2 T`Q##BHBiv i?i BMi2`+iBM; bBi2b rBHH /BbbQ+Bi2
7`QK 2+? Qi?2`X q?2M i?Bb ?TT2Mb i?2v 2Mi2`  +QQH/QrM T2`BQ/ Q7 j iBK2bi2Tb
/m`BM; r?B+? i?2v +MMQi 7Q`K Mv #QM/b- ;BpBM; i?2K iBK2 iQ KQp2 T`iX
h?2`2 `2 irQ T`BK`v bi2Tb iQ +QKTmiBM; i?2 7Q`+2b QM 2+? bBi2- `272``2/
iQ ?2M+27Q`i? b i?2 #BMMBM; bi2T M/ i?2 BMi2`+iBQM bi2T `2bT2+iBp2Hv,
RX GBbi Qi?2` bBi2b rBi?BM i?2 9y MK +mi@Qz `/Bmb-
kX .2i2`KBM2 r?2i?2` iQ TTHv 7Q`+2b- /BbbQ+Bi2- Q` /pM+2 +QQH/QrM T2`BQ/-
/2T2M/BM; QM i?2 MmK#2` Q7 +HQb2 TB`b M/ i?2B` BMi2`+iBQM ?BbiQ`vX
h?Bb Bb MQi?2` TB`rBb2 b?Q`i@`M;2 BMi2`+iBQM- Hi?Qm;? rBi? /Bz2`2Mi
T`QT2`iB2b iQ i?2 `2TmHbBQM 7Q`+2X h?2 +mi@Qz `/Bmb Bb H`;2`- 9y MK +QKT`2/
iQ R8 MKX h?2 7Q`+2 #2ir22M  TB` Q7 bBi2b Bb KQ`2 2tT2MbBp2 iQ +H+mHi2- #mi i?2
MmK#2` Q7 bBi2b Bb M Q`/2` Q7 K;MBim/2 bKHH2` i?M i?2 MmK#2` Q7 Mm+H2QbQK2bX
6Q`  ;Bp2M bBi2- r2 Kmbi /2i2`KBM2 HH Qi?2` +HQb2 bBi2b #27Q`2 r2 +M +QKTmi2 Mv
7Q`+2b- `i?2` i?M ++mKmHiBM; i?2K T2` BMi2`+iBQM b BM i?2 `2TmHbBQM F2`M2HX
h?2 +QQH/QrM K2+?MB+ HbQ BMi`Q/m+2b //BiBQMH bii2 #2ir22M iBK2bi2Tb- r?B+?
+QKTHB+i2b Kii2`bX S`QD2+iBQM bQ`iBM; +M #2 mb2/ /m`BM; i?2 #BMMBM; bi2T- H@
i?Qm;? +`27mH ii2MiBQM Kmbi #2 TB/ iQ +Q``2+iHv KTTBM; 7`QK bQ`i2/ #BM/BM;
bBi2b iQ i?2 BMi2`@iBK2bi2T bii2X
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Ai Bb M2+2bb`v iQ biQ`2 i?2 +QQH/QrM biimb 7Q` 2p2`v TB` Q7 #BM/BM; bBi2bě ~;
BM/B+iBM; r?2i?2`  bBi2Ƕb BMi2`+iBQM rBi? MQi?2` bBi2 Bb +m``2MiHv BM +QQH/QrM
KQ/2- M/ i?2 MmK#2` Q7 iBK2bi2Tb `2KBMBM; #27Q`2 Bi Bb 7`22 iQ BMi2`+i ;BMX
q?BH2 i?2 irQ +M #2 +QK#BM2/ BMiQ  bBM;H2 }2H/ UrBi? y `2T`2b2MiBM; MQ +QQH/QrM
KQ/2- M/ Mv Qi?2` MmK#2` `2T`2b2MiBM; i?2 `2KBMBM; +QmMiV- i?2 Mśp2 biQ`;2
`2[mB`2K2Mi Bb biBHH [m/`iB+ BM i?2 MmK#2` Q7 bBi2bX h?Bb #2+QK2b  T`Q#H2K rBi?
H`;2` /ib2ibX
b /BbbQ+BiBQM 2p2Mib `2 mM+QKKQM- i?2 Ki`Bt Q7 +QQH/QrM bii2 Bb p2`v
bT`b2X hFBM; /pMi;2 Q7 i?Bb 7+i- r2 BKTH2K2Mi i?2 bK2 i2+?MB[m2 mb2/ iQ
`2/m+2 i?2 biQ`;2 `2[mB`2K2Mi 7Q` +2HH HBbib- M/ `2TH+2 i?2 Ki`Bt rBi?  HQ+F@7`22
?b? i#H2X 6Q`  H`;2 MmK#2` Q7 #BM/BM; bBi2b- bv Ryy,yyy- i?Bb TT`Q+? `2[mB`2b
Qp2` 2300⇥ H2bb bT+2- 9.RJ" BMbi2/ Q7 N.j:"X
eX9Xk o2+iQ`BbiBQM
J2MBM;7mH p2+iQ`BbiBQM Bb BM72bB#H2 7Q` #Qi? i?2 #BMMBM; M/ BMi2`+iBQM bi2TbX
h?2 #BMMBM; bi2T `2[mB`2b ++2bb iQ i?2 +QQH/QrM biimb Q7 2+? bBi2X b i?2b2 `2
biQ`2/ MQM@+QMiB;mQmbHv `2;`/H2bb Q7 i?2 biQ`;2 bi`i2;v mb2/- r2 `2 7+2/ rBi?
M 2tT2MbBp2 ;i?2` QT2`iBQMX AM i?2 +b2 Q7 i?2 ?b? i#H2- +m``2Mi aAJ. Aab /Q
MQi bmTTQ`i iQKB+ ;i?2`b (8R)- M2+2bbBiiBM; T2`7Q`KBM; i?2 K2KQ`v ++2bb2b M/
`2;Bbi2` BMb2`iBQMb KMmHHvX JQ`2 +`m+BHHv i?Qm;?- i?2 p2`;2 #BM/BM; bBi2 br22T
H2M;i? Bb bHB;?iHv mM/2` k- r?B+? M2;i2b Mv #2M2}i /m2 iQ i?2 H`;2 Qp2`?2/X 6Q`
i?2 BMi2`+iBQM bi2T i?2 H;Q`Bi?K /B+ii2b i?i 2+? bBi2 Bb T`Q+2bb2/ BM/BpB/mHHv
#b2/ QM i?2 +QMi2Mib Q7  p2`v b?Q`i HBbi Q7 M2B;?#Qm` bBi2bX
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6B;m`2 eXj, S2`@F2`M2H bBM;H2@i?`2/2/ bT22/mT Q#b2`p2/ 7Q` i?2 QTiBKBb2/ BKTH2@
K2MiiBQM `2HiBp2 iQ i?2 Q`B;BMH bBKmHiBQM 7Q` i?2 kyyy T`iB+H2 /ib2iX >B;?2`
bT22/mT Bb #2ii2`X
eX8 Pp2`HH S2`7Q`KM+2
_2HiBp2 iQ i?2 Q`B;BMH +Q/2- r2 b22 bBM;H2@i?`2/2/ bT22/mTb bi`iBM; i Qp2` 10⇥
QM i?2 *Sl 7Q` kyyy T`iB+H2b Ub22 6B;m`2 eXj 7Q`  T2`@F2`M2H #`2F/QrMV- M/
BM+`2bBM; b i?2 /ib2i bBx2 ;Q2b mT /m2 iQ #2ii2` H;Q`Bi?KB+ b+HBM;X q2 rQmH/
2KT?bBb2 i?i i?Bb Bb MQi  7B` +QKT`BbQM Q7 H;Q`Bi?KB+ TT`Q+?2b Ur?B+? r2
T`2pBQmbHv T`2b2Mi2/ BM a2+iBQM eXjV- b i?2 Q`B;BMH BKTH2K2MiiBQM Bb MQi ?2pBHv
QTiBKBb2/X
h?2 bHQr/QrM iQ i?2 2Mi`QTB+ F2`M2H Bb /m2 iQ brBi+?BM; iQ  `M/QK MmK#2`
;2M2`iQ` r?B+? Bb #Qi? i?`2/@b72 M/ T`QpB/2b  #2ii2` bQm`+2 Q7 `M/QKM2bbX
q2 Q#b2`p2 bT22/mTb BM HH Qi?2` F2`M2HbX h?Bb /2+`2b2b i?2 iBK2 iF2M iQ T2`7Q`K
 ivTB+H 2tT2`BK2MiH `mM- +QMbBbiBM; Q7 9y KBHHBQM iBK2bi2Tb- 7`QK ⇡Ny ?Qm`b iQ
⇡N ?Qm`b QM Qm` ?`/r`2X q?2M 7+iQ`BM; BM i?2 2z2+ib Q7 T`HH2HBbiBQM i?2
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BKT`Qp2K2Mi Bb Km+? ;`2i2`X
6B;m`2 eX9 b?Qrb  #`2F/QrM Q7 2+? QTiBKBb2/ F2`M2HǶb T2`7Q`KM+2 Qp2`
 `M;2 Q7 /ib2i bBx2b 7Q` #Qi? i?2 *Sl M/ +QT`Q+2bbQ`X PM i?2 *Sl- i?2
`2TmHbBQM br22T Bb i?2 KQbi 2tT2MbBp2- 7QHHQr2/ +HQb2Hv #v i?2 +QM/2MbBM BMi2`+iBQMb
M/ i?2 bQ`iX h?2 2Mi`QTB+- i2MbBQM M/ ii`+iBQM 7Q`+2b U;`QmT2/ mM/2` ǳQi?2`ǴV
`2 +QKT`iBp2Hv +?2TX h?2 TQBMi r?2`2 i?2 BMi2;`iBQM 7HHb Qmi Q7 Gbi G2p2H
*+?2 UGG*V Bb +H2`Hv pBbB#H2 #2ir22M Rk3,yyy M/ k8e,yyy T`iB+H2bX h?2 #``B2`
+Qbib `2 7B`Hv HQr i?`Qm;?Qmi- #mi BM+`2b2 b?`THv 7Q` i?2 H`;2bi /ib2i- TQbbB#Hv
/m2 iQ LQM@lMB7Q`K J2KQ`v ++2bb ULlJV T`Q#H2KbX
PM i?2 +QT`Q+2bbQ`- i?2 bQ`i Bb KQbi 2tT2MbBp2- T`BK`BHv b bQ`iBM; Bb /B{@
+mHi iQ p2+iQ`Bb2 2z2+iBp2Hv Ub22 /Bb+mbbBQM BM a2+iBQM eXkXkVX o2+iQ`BbiBQM Bb KQ`2
+`m+BH iQ T2`7Q`KM+2 QM i?2 s2QM S?B i?M QM i?2 *Sl bQ i?Bb Bb 2tT2+i2/X h?2
`2TmHbBQM br22T Bb +?2T2` QM i?2 s2QM S?B- b Bi p2+iQ`Bb2b p2`v r2HH M/ /Q2b
MQi `2[mB`2 Mv #``B2`bX AMi2`2biBM;Hv- i?2 +QM/2MbBM BMi2`+iBQMb `2 HbQ +?2T2`
iQ +QKTmi2- /2bTBi2 MQi #2BM; p2+iQ`Bb2/ 2Bi?2`- HBF2Hv #2+mb2 2+? #BM/BM; bBi2 Bb
H`;2Hv BM/2T2M/2Mi H2/BM; iQ ;QQ/ b+HBM; iQ  H`;2` MmK#2` Q7 i?`2/bX h?2
BMi2;`iBQM HbQ b+H2b #2ii2` rBi? /ib2i bBx2- b i?2 +QT`Q+2bbQ` ?b `Qm;?Hv 3⇥
i?2 K2KQ`v #M/rB/i? b i?2 *Sl UR8j:"/b T2` LlJ `2;BQM b QTTQb2/ iQ
93:"/b- b `2TQ`i2/ #v i?2 ah_1J #2M+?K`F (8N)VX
h?2 KBM Bbbm2 r2 b22 QM i?2 +QT`Q+2bbQ` Bb bB;MB}+MiHv ?B;?2` #``B2` +QbibX
PM bQK2 H2p2H i?Bb Bb mMpQB/#H2-  ?B;?2` MmK#2` Q7 i?`2/b Bb ;QBM; iQ K2M
bHQr2` #HQ+FBM; QT2`iBQMb M/  ;`2i2` b2MbBiBpBiv iQ HQ/ BK#HM+2- M/ r2 +M@
MQi `2KQp2 Mv #``B2`b b i?2v `2 M2+2bb`v iQ 2Mbm`2 +Q``2+iM2bbX q2 +M BK
iQ `2/m+2 i?2 MmK#2` Q7 #``B2`b pB H;Q`Bi?KB+ +?M;2b ?Qr2p2`ěi?2 KB/TQBMi
BMi2;`iBQM b+?2K2 mb2/ Bb i?2 KBM +mHT`Bi ?2`2- `2[mB`BM; irB+2 b KMv #``B2`b
T2` iBK2bi2T b rQmH/ Qi?2`rBb2 #2 M22/2/X
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7`QK 9yyy mT iQ k8e,yyy T`iB+H2bX UV b?Qrb i?2 iBKBM;b 7Q` Re i?`2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U#V b?Qrb k99 i?`2/b `mMMBM; QM *?B`QMX GQr2` iBK2 Bb #2ii2`X
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eX8XR P|Q/ *QKTmiiBQM
q2 2tT2`BK2Mi2/ rBi? Q|Q/BM; +QKTmiiBQM iQ i?2 +QT`Q+2bbQ` r?BH2 `mMMBM; QM
i?2 *SlX amBi#H2 +M/B/i2 F2`M2Hb 7Q` Q|Q/BM; b?QmH/ T2`7Q`K r2HH QM i?2 +Q@
T`Q+2bbQ`- #2 #H2 iQ `mM BM T`HH2H rBi? Qi?2` F2`M2Hb UKBMBKH /i /2T2M/2M+B2bV-
MQi `2[mB`2 H`;2 KQmMib Q7 /i i`Mb72` QM M/ Qz i?2 +QT`Q+2bbQ` 2+? iBK2bi2T-
M/ iF2 HQM; 2MQm;? i?i i?2 Qp2`?2/ Q7 Q|Q/ /Q2b MQi /QKBMi2X P7 i?2 F2`@
M2Hb BM i?Bb bBKmHiBQM- i?2 QMHv QM2 i?i biBb}2b KQbi Q7 i?2b2 +QM/BiBQMb Bb i?2
T`QD2+iBQM bQ`iBM; 7Q`+2 br22TX Ai T2`7Q`Kb #2ii2` QM i?2 +QT`Q+2bbQ`- M/ +M #2
`mM BM T`HH2H rBi? Mv Q7 i?2 Qi?2` 7Q`+2 +QKTmiiBQM F2`M2HbX .2bTBi2 i?Bb- i?2
iBK2 bp2/ #v `mMMBM; Q|Q/2/ rb `Qm;?Hv 2[mHH2/ #v i?2 Qp2`?2/ Q7 /QBM; bQ-
M/ r2 /B/ MQi b22 Mv bB;MB}+Mi +?M;2 BM T2`7Q`KM+2X
eXe amKK`v
q2 ?p2 2tTHQ`2/ i?2 QTiBKBb2/ BKTH2K2MiiBQM Q7 T`QD2+iBQM bQ`iBM; BM  b?`2/
K2KQ`v 2MpB`QMK2Mi- 7Q` i?2 AMi2H >br2HH M/ EL* `+?Bi2+im`2bX q2 b?Qr
i?`Qm;? /2iBH2/ +QKT`BbQM Q7 i?2 MmK#2` Q7 /BbiM+2 +?2+Fb- iBK2 bT2Mi QM T2`BQ/B+
+H+mHiBQMb M/ iBK2 bT2Mi QM 7Q`+2 +H+mHiBQMb i?i T`QD2+iBQM bQ`iBM; QmiT2`7Q`Kb
o2`H2i HBbib 7Q` i?Bb bBKmHiBQM Q7 +?`QKQbQK2 +QM/2MbiBQMX q2 Q#b2`p2 bT22/mTb Q7
`QmM/ 5⇥ 7Q` #Qi? T2`BQ/B+ +H+mHiBQMb M/ 7Q`+2 +H+mHiBQMb +`Qbb `2T`2b2MiiBp2
`mMb Q7 i?2 bBKmHiBQMX hQ;2i?2` rBi? Qm` ;2M2`H QTiBKBbiBQMb 7`QK *?Ti2` 8 r2
Q#b2`p2 b2`BH bT22/mTb mT iQ 10⇥ `2HiBp2 iQ i?2 Q`B;BMH BKTH2K2MiiBQM Q7 i?Bb
bBKmHiBQMX
3j

*?Ti2` d
AKTH2K2MiBM; S`QD2+iBQM
aQ`iBM; Pz@MQ/2
lT mMiBH i?Bb TQBMi- i?2 bBKmHiBQM r2 ?p2 #22M mbBM; ?b QMHv #22M T`HH2HBb2/
mbBM; PT2MJS (eN)- r?B+? HBKBib 2tT2`BK2Mib iQ  bBM;H2 MQ/2X b QM2 Q7 i?2 T`BK`v
rvb Q7 `2/m+BM; i?2 +QKTmiiBQM iBK2 Q7 H2M;i?v bBKmHiBQMb Bb iQ `mM QM KmHiBTH2
MQ/2b BM  +Hmbi2` 2MpB`QMK2Mi- Bi Bb +`m+BH i?i r2 pHB/i2 i?2 T`QD2+iBQM bQ`iBM;
H;Q`Bi?K BM i?Bb b2iiBM;X h?2`27Q`2- BM i?Bb +?Ti2` r2 `2BKTH2K2Mi i?2 bBKmHiBQM
iQ H2p2`;2 /Bbi`B#mi2/ K2KQ`v T`HH2HBbK mbBM; JSA BM //BiBQM iQ i?2 2tBbiBM;
b?`2/ K2KQ`v T`HH2HBbKX AM /QBM; bQ r2 Mbr2` _2b2`+? Zm2biBQM j U_ZjV,
_Zj, >Qr KB;?i (T`QD2+iBQM bQ`iBM;) T2`7Q`K UM/ ?Qr KB;?i Bi #2 #2bi
BKTH2K2Mi2/V BM  /Bbi`B#mi2/@K2KQ`v T`HH2H 2MpB`QMK2Mi\
AM *?Ti2` e r2 T`QpB/2/ BKTH2K2MiiBQMb 7Q` i?2 AMi2H >br2HH M/ AMi2H EL*
`+?Bi2+im`2bX >2`2 r2 mT;`/2 iQ i?2B` bm++2bbQ`b- AMi2H "`Q/r2HH M/ AMi2H ELG
`2bT2+iBp2HvX AMi2H ELG BM T`iB+mH` Bb  bB;MB}+Mi `2@2M;BM22`BM; Q7 EL*X AMbi2/
Q7 `mMMBM; QM  S*A2 +QT`Q+2bbQ` ELG `mMb b  #QQi#H2 /2pB+2 UBM TH+2 Q7  *SlV
r?B+? HHQrb 7Q` 7bi2` ++2bb iQ KBM K2KQ`vX ELG HbQ T`QpB/2b QM@T+F;2 7bi
JmHiB@*?MM2H ._J UJ*._JV K2KQ`v- rBi? mT iQ 9⇥ i?2 K2KQ`v #M/rB/i?
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Q7 +QMp2MiBQMH .vMKB+ _M/QK ++2bb J2KQ`v U._JV K2KQ`v (99)X h?Bb +M
#2 mb2/ BM  p`B2iv Q7 +QM};m`iBQMb- BM+Hm/BM; ++?BM; ++2bb2b iQ KBM K2KQ`v-
Q` `mMMBM; TTHB+iBQMb 2MiB`2Hv 7`QK BiX ++2bb iQ i?Bb K2KQ`v +M #2 +QMi`QHH2/
mbBM; LlJ bQ7ir`2@r`2M2bbX
ELG T`QpB/2b  T`iBH BKTH2K2MiiBQM Q7 i?2 os@8Rk aAJ. Aa BM TH+2 Q7
i?2 `+?Bi2+im`2 bT2+B}+ EL* aAJ. AaX os@8Rk BM?2`Bib KMv Q7 i?2 BMbi`m+iBQMb
7`QK EL* Ui?2v `2 #Qi? /2bB;M2/ `QmM/ 8Rk@#Bi p2+iQ`bV- #mi Bb /2bB;M2/ iQ #2
mb2/ mMB7Q`KHv +`Qbb ELG M/ M2r2` *Sl `+?Bi2+im`2b BM+Hm/BM; bQK2 aFvHF2
+?BTbX q2 T`QpB/2 M2r BMi`BMbB+ BKTH2K2MiiBQMb Q7 T`QD2+iBQM bQ`iBM; 7Q`+2 br22T-
o2`H2i HBbi `2#mBH/b M/ o2`H2i HBbi 7Q`+2 br22Tb mbBM; i?Bb BMbi`m+iBQM b2iX
dXR 1tT2`BK2MiH a2imT
q2 mb2 i?2 bK2 /ib2ib T`2pBQmbHv ;2M2`i2/ U/2b+`B#2/ BM *?Ti2` eV i?`Qm;?Qmi
i?2b2 2tT2`BK2MibX b /Bbi`B#mi2/ K2KQ`v T`HH2HBbK #`BM;b rBi? Bi i?2 TQbbB#BHBiv
Q7 ?B;?2` T`Q+2bbQ` +QmMib- r2 mb2 bQK2 Q7 i?2 H`;2` QM2b ?2`2- mT iQ k,y93,yyy
T`iB+H2bX
AM Qm` QM@MQ/2 2tT2`BK2Mib- r2 2M#H2/ i?2 +QM/2MbBM BMi2`+iBQM 7Q`+2b iQ
bBKmHi2  +QM/2MbBM; +?`QKiBM bi`BM;X q2 7QmM/ i?i r?2M /QBM; bQ- i?2 KBMB@
KmK pHB/ bFBM /BbiM+2 rb rs = 9y MK- M/ MQi2/ i?i i?2 7bi KQpBM; T`iB+H2b
r2`2  `2bQM 7Q` o2`H2i HBbib #2BM; H2bb 2z2+iBp2 Ub22 a2+iBQM eXjVX hQ T`QpB/2 M
Hi2`Mi2 T2`bT2+iBp2- r2 /Bb#H2 i?2 +QM/2MbBM BMi2`+iBQM 7Q`+2b 7Q` 2tT2`BK2Mib BM
i?Bb +?Ti2` iQ bBKmHi2  `2Ht2/ +?`QKiBM bi`BM;X h?Bb HHQrb mb iQ b2i i?2 bFBM
/BbiM+2 HQr2`- rs = R8 MK- M/ +QMb2[m2MiHv BM+`2b2 i?2 `2#mBH/ T2`BQ/ iQ k = 5X
dXRXR J+?BM2 aT2+B}+iBQMb- *QKTBHiBQM  1t2+miBQM
hQ `mM i?2 2tT2`BK2Mib- irQ K+?BM2b r2`2 mb2/X 6B`biHv- P`+-  +Hmbi2` i i?2
lMBp2`bBiv Q7 q`rB+F +QMbBbiBM; Q7 39 MQ/2b- 2+? rBi? k AMi2H s2QM 18@ke3y p9
3e
!"#$ %&'()*+ ,- !"#$ ./0 1(2+
!"#$%&'×(")%'×*+)%,-' .×/0×. /×10×0
(2"#$ 34567 .809 /8:9
;/<=>-? @ ;. #,#+% 3AB7 <:.>:.? @ .C1 <:.>:.? @ C/.
D%E")F 34B7 /.G H1I/1
!JDK J!L LMN. LMNOC/.
h#H2 dXR, amKK`v Q7 MQ/2 ?`/r`2 +QM};m`iBQMb QM P`+ M/ i?2 _*>1_
EMB;?ib GM/BM; THi7Q`KX
T`Q+2bbQ`b- 7Q` kj8k +Q`2b BM iQiHX 1+? MQ/2 Bb 2[mBTT2/ rBi? Rk3 :" Q7 _M/QK
++2bb J2KQ`v U_JV- M/ +QMM2+i2/ rBi? M AMi2H PKMB@Si? sRe Ryy :#Bifb
BMi2`+QMM2+iX P`+ rb mb2/ iQ `mM i?2 s2QM 2tT2`BK2MibX
hQ `mM i?2 s2QM S?B 2tT2`BK2Mib r2 mb2/ i?2 _*>1_ EMB;?ib GM/BM;
THi7Q`K i i?2 1/BM#m`;? S`HH2H *QKTmiBM; *2Mi`2X h?Bb +QMbBbib Q7 Rk MQ/2b-
2+? 2[mBTT2/ rBi?  s2QM S?B dkRy M/ Ne :" Q7 _JX h?2 MQ/2b `2 +QMM2+i2/
rBi?  ?B;? T2`7Q`KM+2 *`v `B2b BMi2`+QMM2+iX 1+? s2QM S?B HbQ ?b Re :" Q7
7bi QM#Q`/ J*._J- r?B+? BM i?Bb +b2 Bb mb2/ iQ ++?2 ++2bb2b iQ i?2 2ti2`MH
K2KQ`vX q2 `272` i?2 `2/2` iQ h#H2 dXR 7Q` KQ`2 /2iBHbX
HH +Q/2 rb +QKTBH2/ mbBM; i?2 :Ll *YY +QKTBH2`- peXjXyR rBi? i?2 7QHHQr@
BM; T2`7Q`KM+2 ~;b, @Pj @7QT2MKTX `+?Bi2+im`2 rb bT2+B}2/ rBi? @K`+?4#`Q/r2HH-
M/ @K`+?4FMH 7Q` s2QM M/ s2QM S?B `2bT2+iBp2HvX
PM P`+- i?2 TTHB+iBQM rb HmM+?2/ mbBM; i?2 KTB`mM +QKKM/X _MFb
r2`2 /Bbi`B#mi2/ 2p2MHv KQM; i?2 pBH#H2 `2bQm`+2b mbBM; i?2 7QHHQrBM; ~;b, @@
KT@#v bQ+F2i,aSL @@#BM/@iQ +Q`2 @@`MF@#v +Q`2X 1+? `MF rb bbB;M2/
iQ  mMB[m2 +Q`2- M/ mb2/  bBM;H2 i?`2/X
PM _*>1_- i?2 TTHB+iBQM rb HmM+?2/ mbBM; i?2 T`mM +QKKM/X 1+?
ELG MQ/2 rb bbB;M2/ e9 `MFb- 2+? #QmM/ iQ  mMB[m2 +Q`2X 1+? `MF mb2/ irQ
i?`2/b Qmi Q7 7Qm` pBH#H2 ?`/r`2 i?`2/b T2` +Q`2- r?B+? r2 7QmM/ iQ vB2H/
RL2r2` p2`bBQMb Q7 i?2 AMi2H +QKTBH2` 2M+QmMi2` M BMi2`MH 2``Q` r?2M +QKTBHBM; Qm` HQ+F@7`22
?b? KT BKTH2K2MiiBQM- r?B+? Bb r?v r2 /Q MQi mb2 Bi ?2`2 b BM *?Ti2` eX
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i?2 #2bi T2`7Q`KM+2X h?Bb rb +?B2p2/ mbBM; i?2 7QHHQrBM; ~;b, @/ k @D k @++
/2Ti?X
HH 2tT2`BK2Mib ?p2  /m`iBQM Q7 Ryyy iBK2bi2TbX q?2M mbBM; o2`H2i HBbib-
r2 b2i i?2 bFBM /BbiM+2 iQ i?2 2KTB`B+H KBMBKmK rs = R8 MK- M/ k = 5- r?B+?
vB2H/b i?2 #2bi T2`7Q`KM+2 7Q` i?2 ;Bp2M pHm2 Q7 rsX hBKBM; BM7Q`KiBQM rb
+QHH2+i2/ +`Qbb HH `2b Q7 i?2 +Q/2 b /Bb+mbb2/ BM *?Ti2` eX
dXk JSA AKTH2K2MiiBQM
hQ `2/m+2 i?2 2M;BM22`BM; #m`/2M Q7 TQ`iBM; i?2 bBKmHiBQM iQ JSA- r2 #b2/ i?2
M2r BKTH2K2MiiBQM QM i?2 JMi2pQ bmBi2 KBMBJ. KBMB@TT 7`QK aM/B LiBQMH
G#Q`iQ`B2b UaLGV (j3- jN)- r?B+? Bb FMQrM iQ 2t?B#Bi ;QQ/ b+HBM;X q2 `2KQp2/ i?2
TTHB+iBQM bT2+B}+ +Q/2- F22TBM; T`ib `2Hi2/ iQ T`iB+H2 biQ`;2 M/ +QKKmMB+@
iBQM #2ir22M JSA `MFbX KBMBJ. mb2b  bTiBH /2+QKTQbBiBQM r?B+? i?2Q`2iB+HHv
b+H2b r2HH rBi? T`Q+2bbQ` +QmMi- i i?2 T`B+2 Q7 KQ`2 +QKTH2t HQ/ #HM+BM; BM i?2
+b2 Q7 bBKmHiBQMb rBi? MQM@mMB7Q`K T`iB+H2 /2MbBiB2b UHBF2 i?Bb QM2VX
hQ //`2bb i?Bb- r2 BKTH2K2Mi2/  biiB+ HQ/ #HM+BM; bi`i2;v r?2`2BM
i?2 T`Q#H2K /QKBM Bb /2+QKTQb2/ BMiQ bKHH +m#B+ ǳTi+?2bǴ Q7 mMB7Q`K bBx2X LQi2
i?i i?Bb Ti+?@/2+QKTQbBiBQM Bb QMHv mb2/ iQ /2i2`KBM2 r?B+? `2;BQM Q7 bT+2 2+?
JSA `MF Bb `2bTQMbB#H2 7Q`- M/ Bb /BbiBM+i 7`QK i?2 +2HH HBbi /2+QKTQbBiBQM Ub22
*?Ti2` jVX 1+? Ti+? Bb i?2M r2B;?i2/ ++Q`/BM; iQ ?Qr KMv T`iB+H2b Bi +QMiBMb-
M/ Ti+?2b `2 /Bbi`B#mi2/ KQM; T`Q+2bbQ`b #v  `2+m`bBp2 #Bb2+iBQM H;Q`Bi?K-
bm+? i?i HH T`Q+2bbQ`b 2M/ mT rBi?  +m#QB/H bm#/QKBM Q7 TT`QtBKi2Hv 2[mH
iQiH r2B;?iX h?Bb bi`i2;v Bb mb2/ #v LJ. (ee) M/ Bb #b2/ QM rQ`F 7`QK "2`;2`
M/ "QF?`B (RR)X
LJ.- r?B+? ?b bBKBH` HQ/ #HM+BM; `2[mB`2K2Mib- BKTH2K2Mib  Hv2` Q7
/vMKB+ HQ/ #HM+BM; QM iQT Q7 i?Bb- r?B+? /Bbi`B#mi2b TB`rBb2 7Q`+2 +H+mHiBQMb
#2ir22M M2B;?#Qm`BM; T`Q+2bbQ`bX Pm` BKTH2K2MiiBQM /Q2b MQi +m``2MiHv /Q i?Bb-
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Hi?Qm;? Bi Bb  TQbbB#H2 2ti2MbBQMX h?2 biiB+ HQ/ #HM+BM; T2`7Q`Kb r2HH 2MQm;?
iQ b?Qr i?2 /Bz2`2M+2b #2ir22M o2`H2i HBbib M/ T`QD2+iBQM bQ`iBM;X
h?2 TTHB+iBQM Bb T`HH2HBb2/ BM  bQ@+HH2/ ǳ?v#`B/Ǵ 7b?BQMX qBi?BM 2+?
JSA `MF- PT2MJSKv #2 mb2/ iQ H2p2`;2 KmHiBTH2 i?`2/bX q2 mb2 i?Bb +T#BHBiv
iQ iF2 /pMi;2 Q7 aJh- Q` ?vT2`i?`2/BM;- QM ELGX
Pm` BKTH2K2MiiBQM ?b irQ T`BK`v +QKTBH2@iBK2 brBi+?2b, mb2 Q7 T`QD2+@
iBQM bQ`iBM; Q` o2`H2i HBbib- M/ 2M#HBM; Q` /Bb#HBM; ?HpBM; Q7 i?2 M2B;?#Qm` bT+2
mbBM; L2riQMǶb i?B`/ HrX q2 `272` iQ i?2b2 7Qm` p`BMib #2HQr b Sa Lj- Sa MQ
Lj- oG Lj M/ oG MQ LjX
dXkXR S`QD2+iBQM aQ`iBM;
h?2 HQr H2p2H BKTH2K2MiiBQM Q7 T`QD2+iBQM bQ`iBM; Bb H`;2Hv +QMbBbi2Mi rBi? i?i
2tTHBM2/ BM *?Ti2` eX 7i2` JSA `MFb ?p2 +QKKmMB+i2/ rBi? i?2B` M2B;?@
#Qm`b iQ `2+2Bp2 ;?Qbi T`iB+H2b- i?2v BM+Hm/2 i?2b2 r?2M +QKTmiBM; T`QD2+iBQMb M/
bQ`iBM;X 6Q`+2 +QKTmiiBQM mbBM; i?2 bQ`i2/ +QM7Q`KiBQM rb ?M/@p2+iQ`Bb2/ mb@
BM; #Qi? osk M/ os@8Rk BMi`BMbB+bX TT2M/Bt  ;Bp2b 7mHH HBbiBM;b 7Q` i?2b2
BKTH2K2MiiBQMbX
q?2M mbBM; Lj Bi Bb MQr BKTQ`iMi i?i /Bz2`2Mi `MFb `2 +QMbBbi2Mi r?2M
/2+B/BM; r?B+? T`iB+H2b iQ /B`2+iHv +H+mHi2 7Q`+2b 7Q`- M/ r?B+? iQ BKTHB+BiHv
+H+mHi2 b  `2bmHi Q7 i?2 2[mH M/ QTTQbBi2 +iBQM Q7 i?2 2tTHB+Bi 7Q`+2X 6Q`
T`QD2+iBQM bQ`iBM; i?Bb Bb bi`B;?i7Q`r`/X b HQM; b HH `MFb mb2 i?2 bK2 tBb Q7
T`QD2+iBQM ~v- i?2 b+H` T`QD2+iBQMb rBHH 7Q`K  iQiH Q`/2`BM; Qp2` HH `MFbX S`iB+H2b
rBi? ;`2i2` `2HiBp2 b+H` T`QD2+iBQMb `2 +H+mHi2/ 2tTHB+BiHv- M/ i?Qb2 rBi? HQr2`
`2HiBp2 b+H` T`QD2+iBQMb `2 +H+mHi2/ BKTHB+BiHv UQ` pB+2 p2`bVX
3N
dXj 1tT2`BK2Mib
AM i?Bb b2+iBQM r2 b22F iQ 2KTB`B+HHv 2bi#HBb? i?2 T2`7Q`KM+2 /Bz2`2M+2b #2ir22M
Qm` BKTH2K2MiiBQMb Q7 o2`H2i HBbib M/ T`QD2+iBQM bQ`iBM;X AM Q`/2` iQ /Q i?Bb- r2
T`2b2Mi i?2 7QHHQrBM; +QKT`BbQMb,
Ç _r T2`7Q`KM+2 +QKT`BbQMb #2ir22M i?2 irQ H;Q`Bi?Kb 7Q` }t2/ MmK#2`b
Q7 T`Q+2bbQ`b M/ T`Q#H2K bBx2b Ub22 a2+iBQM dXjXRVX
Ç  b+HBM; bim/v 7Q` 2+? BKTH2K2MiiBQM- b?QrBM; ?Qr i?2 T2`7Q`KM+2 +?M;2b
rBi? p`vBM; MmK#2`b Q7 T`Q+2bbQ`b M/ /Bz2`2Mi T`Q#H2K bBx2b Ub22 a2+iBQM dXjXkVX
Ç ZmHBiiBp2 T2`7Q`KM+2 +QKT`BbQMb #2ir22M i?2 s2QM M/ s2QM S?B THi@
7Q`Kb Ub22 a2+iBQM dXjXjVX
dXjXR _r S2`7Q`KM+2 *QKT`BbQMb
6B;m`2 dXR b?Qrb i?2 bT22/mT iiBM2/ #v T`QD2+iBQM bQ`iBM; `2HiBp2 iQ i?2 T2`7Q`@
KM+2 Q7 o2`H2i HBbib- 7Q` i?2 2MiB`2 bBKmHiBQM UBM+Hm/BM; F2`M2Hb mM`2Hi2/ iQ i?2
`2TmHbBQM +H+mHiBQMbVX h?Bb Bb bB;MB}+Mi 7Q` HH 7Qm` +QM};m`iBQMb- `2+?BM; M2`Hv
5⇥ QM P`+X
q2 Q#b2`p2 i?i Sa iiBMb  ;`2i2` `2HiBp2 bT22/mT r?2M Lj Bb /Bb#H2/-
Hi?Qm;? 2M#HBM; Lj `2bmHib BM #2ii2` #bQHmi2 T2`7Q`KM+2X PM _*>1_- Sa
b22b TT`QtBKi2Hv 2⇥ bT22/mTX q2 +QMD2+im`2 i?i i?Bb HQr2` bT22/mT Bb /m2 iQ
#2ii2` ?`/r`2 bmTTQ`i 7Q` ;i?2`fb+ii2` M/ p2+iQ` +QKT`2bbBQM QM ELG- r?B+?
oG `2HB2b QMX
6B;m`2b dXk M/ dXj #`2F i?2b2 bT22/mTb /QrM BMiQ T2`BQ/B+ +H+mHiBQMb-
7Q`+2 +H+mHiBQMb M/ +QKKmMB+iBQM +QbibX LQi#H2 `2 i?2 +QKKmMB+iBQM +Qbib-
r?B+? `2 ?B;?2` 7Q` SaX h?Bb Bb #2+mb2 oG QMHv M22/b iQ +QKKmMB+i2 7mHHv 2p2`v
k = 5 iBK2bi2Tb- r?B+? }ib rBi? i?2 TT`QtBKi2 0.2⇥ bT22/mT r2 b22X q2 MQi2 HbQ
i?i i?2 bT22/mT BKT`Qp2b rBi? i?2 MmK#2` Q7 T`Q+2bbQ`bX q2 +QMD2+im`2 i?i i?Bb Bb
Ny
/m2 iQ i?2 HQr2` KQmMi Q7 +QKKmMB+iBQM `2[mB`2/ T2` T`Q+2bbQ` BM Sa U/Bb+mbb2/
BM a2+iBQM 9X9XjVX >Qr2p2`- i?2 ?B;?2` +QKKmMB+iBQM +Qbib `2 KQ`2 i?M Qzb2i #v
i?2 bB;MB}+MiHv HQr2` T2`BQ/B+ +QbibX PM _*>1_ i?2b2 `2+? bT22/mTb Q7 Qp2`
10⇥X
dXjXk a+HBM; aim/B2b
6B;m`2b dX9 M/ dX8 b?Qr bi`QM; M/ r2F b+HBM; };m`2b QM P`+ M/ _*>1_X
"Qi? H;Q`Bi?Kb b+H2 r2HH- rBi? oG `2+?BM; Qp2` 150⇥ 7Q` k8e T`Q+2bbQ`b QM P`+X
oG ;2M2`HHv b+H2b bHB;?iHv #2ii2` i?M Sa- HBF2Hv /m2 iQ i?2 HQr2` +QKKmMB+iBQM
+QbibX q2 2tT2+i i?i i?Bb ;T +QmH/ #2 +HQb2/ B7 Sa rb /Ti2/ iQ mb2  bFBM
/BbiM+2 Ub22 i?2 7m`i?2` rQ`F BM *?Ti2` 3VX
6B;m`2 dX8 b?Qrb bQK2 MQKHQmb bmT2`@HBM2` b+HBM; 7Q` Sa- HBF2Hv /m2 iQ
i?2 HQr2` KQmMi Q7 /i T2` T`Q+2bbQ` BKT`QpBM; ++?2 2z2+iBp2M2bbX
dXjXj s2QM pbX s2QM S?B
Ai Bb BM?2`2MiHv /B{+mHi iQ +QKT`2 T2`7Q`KM+2 #2ir22M s2QM M/ s2QM S?B `+?B@
i2+im`2b- b i?2v /Bz2` BM HKQbi 2p2`v BKTQ`iMi bT2+iX 1[mH MmK#2`b Q7 +Q`2b
`2 MQi +QKT`#H2- b ELG +Q`2b `2 Km+? bHQr2` BM/BpB/mHHvX AM *?Ti2` e r2
7QmM/ i?i EL* rb r2HH bmBi2/ iQ i?2 7Q`+2 +H+mHiBQMb b Bi ?b /Qm#H2 i?2 p2+iQ`
rB/i? pBH#H2X
6B;m`2 dXj# b?Qrb i?i /Bb#HBM; Lj M2ib  ;`2i2` `2HiBp2 BM+`2b2 iQ 7Q`+2
+H+mHiBQM bT22/mT i?M QM P`+ U+7X 6B;m`2 dXk#VX h?Bb Bb #2+mb2 ELG +`m+BHHv
mb2b aJh iQ F22T Bib 2t2+miBQM mMBib #mbv- M/ KmHiBTH2 i?`2/b rBi? Lj 2M#H2/
M2+2bbBii2b iQKB+ ++2bb2b iQ b?`2/ K2KQ`v iQ T`2p2Mi +QM~B+ibX ELG ?b TQQ`
bmTTQ`i 7Q` p2+iQ`Bb2/ iQKB+ r`Bi2bX PM P`+ aJh Bb MQi mb2/- i?2`27Q`2 i?2
iQKB+b `2 MQi M2+2bb`vX h?Bb 2z2+i Bb HbQ pBbB#H2 BM i?2 oG `2#mBH/b- r?B+? mb2
iQKB+b b T`i Q7  HQ+F@7`22 ?b? i#H2 U+QKT`2 6B;m`2b dXj M/ dXkVX
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6B;m`2 dX8, a+HBM; QM _*>1_ mT iQ 8Rk T`Q+2bbQ`bX UV b?Qrb bi`QM; b+HBM; Qp2`
k,y93,yyy T`iB+H2b M/ U#V b?Qrb r2F b+HBM; rBi? 9yyy T`iB+H2b T2` T`Q+2bbQ`bX
>B;?2` bT22/mT Bb #2ii2`X
Ne
dX9 amKK`v
q2 2ti2M/ Qm` b?`2/ K2KQ`v BKTH2K2MiiBQM Q7 T`QD2+iBQM bQ`iBM; iQ ?v#`B/ /Bb@
i`B#mi2/fb?`2/ K2KQ`v mbBM; JSA- M/ `2BKTH2K2Mi F2v F2`M2Hb 7Q` i?2 AMi2H
"`Q/r2HH M/ ELG `+?Bi2+im`2bX q2 HbQ `2Ht i?2 bFBM /BbiM+2 rs #v +?M;BM;
i?2 +QMi2ti Q7 i?2 bBKmHiBQM- r?B+? #2M2}ib o2`H2i HBbibX aBKBH` iQ Qm` +QM+HmbBQMb
7`QK *?Ti2` e- r2 Q#b2`p2 bB;MB}+Mi bT22/mTb /m2 iQ T`QD2+iBQM bQ`iBM; mT iQ 5⇥X
q2 b+H2 i?2 bBKmHiBQM iQ T`2pBQmbHv BM72bB#H2 /ib2i bBx2b #v `mMMBM; QM H`;2
MmK#2`b Q7 +Q`2b QM +Hmbi2`b Q7 s2QM M/ s2QM S?B MQ/2bX
Nd

*?Ti2` 3
*QM+HmbBQMb
h?2 #BHBiv iQ T2`7Q`K bBKmHiBQMb QM  H`;2 b+H2 Bb +`m+BH iQ i?2 +QMiBMm2/ T`Q;`2bb
Q7 b+B2M+2 +`Qbb  `M;2 Q7 /QKBMbX am+? bBKmHiBQMb `2[mB`2 ;`2i +QKTmiiBQMH
`2bQm`+2b- M/ b+B2MiBbib rQ`FBM; BM i?2 }2H/ Q7 >S* b22F iQ `2/m+2 i?2B` 2tT2Mb2
i?`Qm;? BMMQpiBQMb BM ?`/r`2- bQ7ir`2 M/ mM/2`HvBM; Ki?2KiB+H T`BM+BTH2bX
AM i?Bb i?2bBb r2 BMp2biB;i2/ JQH2+mH` .vMKB+b UJ.V bBKmHiBQMb- M/ BM
T`iB+mH` M J. bBKmHiBQM Q7 +?`QKQbQK2 +QM/2MbiBQMX q2 T`2b2Mi2/ T`QD2+iBQM
bQ`iBM;- M Hi2`MiBp2 iQ i?2 i`/BiBQMH o2`H2i HBbi H;Q`Bi?K 7Q` TB`rBb2 b?Q`i@
`M;2 7Q`+2 +H+mHiBQMb- M/ b?Qr2/ i?i Bi +M #2 bB;MB}+MiHv KQ`2 2z2+iBp2 mM/2`
+2`iBM +QM/BiBQMbX
AM *?Ti2`b e M/ d r2 2tTHQ`2/ i?2 2{+B2Mi BKTH2K2MiiBQM Q7 i?Bb bi`i@
2;v 7Q` i?2 KQ/2`M KmHiB@ M/ KMv@+Q`2 `+?Bi2+im`2b, AMi2H >br2HH- "`Q/r2HH-
EMB;?ib *Q`M2` UEL*V M/ EMB;?ib GM/BM; UELGVX q2 +Qp2`2/ QTiBKBbiBQMb
+`Qbb i?2 T`HH2H bi+F- 7`QK aAJ. p2+iQ`BbiBQM mT iQ +QKKmMB+iBQM bi`i2;B2b
BM  K2bb;2 TbbBM; BKTH2K2MiiBQM 7Q` +Hmbi2`bX Pm` BKTH2K2MiiBQMb `2 T`H@
H2HBb2/ mbBM; b?`2/ K2KQ`v UPT2MJSV- /Bbi`B#mi2/ K2KQ`v UJSAV M/  ?v#`B/ Q7
#Qi? i2+?MB[m2b- `2T`2b2MiiBp2 Q7 J. bBKmHiBQMb mb2/ +`Qbb  H`;2 +`Qbb@b2+iBQM
Q7 KQ/2`M b+B2M+2X
q2 /2KQMbi`i2/ bT22/mTb `2HiBp2 iQ o2`H2i HBbib Q7 mT iQ 5⇥ +`Qbb  `M;2
NN
Q7 T`Q#H2K bBx2b M/ T`Q+2bbQ` +QmMibX Pm` H;Q`Bi?K b+H2b +QKT`#Hv iQ i?2 bii2
Q7 i?2 `i BM #Qi? bi`QM; M/ r2F b2Mb2b- rBi? i?2 `mMiBK2 #2BM; `2/m+2/ #v mT iQ
125⇥ Qp2` k8e T`Q+2bbQ`bX
h?2b2 `2bmHib `2 MQi Dmbi i?2Q`2iB+H, Qm` H;Q`Bi?K M/ QTiBKBbiBQMb ?p2
#22M- M/ +QMiBMm2 iQ #2 mb2/ #v /QKBM b+B2MiBbib iQ 7+BHBii2 7m`i?2` 2tT2`BK2Mib
BM +?`QKQbQK2 +QM/2MbiBQM mbBM; i?2 bBKmHiBQM /2b+`B#2/ BM *?Ti2` 8X b 
`2bmHi Q7 Qm` QTiBKBbiBQM rQ`F- r2 b22 b2`BH bT22/mTb Q7 mT iQ 10⇥ `2HiBp2 iQ i?2
Q`B;BMH BKTH2K2MiiBQM Q7 i?Bb bBKmHiBQMX
3XR *QMi`B#miBQMb
AM *?Ti2` R r2 TQb2/ i?`22 _2b2`+? Zm2biBQMb U_Z1   3V r?B+? r2`2 i+FH2/
i?`Qm;?Qmi i?2 +Qm`b2 Q7 i?2 i?2bBbX q2 `2bii2 i?2b2 [m2biBQMb #2HQr,
*QMD2+im`2, Ai Bb TQbbB#H2 iQ ++2H2`i2 TB`rBb2 b?Q`i@`M;2 7Q`+2 +H@
+mHiBQMb `2HiBp2 iQ +HbbB+ J. K2i?Q/b #v iFBM; +HQb2` ++QmMi Q7
i?2 /QKBM@bT2+B}+ T`QT2`iB2b Q7 i?2 bBKmHiBQM Ubm+? b MQM@mMB7Q`K
T`iB+H2 /2MbBivVX
Ç _ZR, >Qr KB;?i M H;Q`Bi?K /2bB;M2/ iQ ++2H2`i2 M J. bBKmHiBQM BM
++Q`/M+2 rBi? i?2 #Qp2 +QMD2+im`2 HQQF\
Ç _Zk, >Qr KB;?i bm+? M H;Q`Bi?K T2`7Q`K UM/ ?Qr KB;?i Bi #2 #2bi BK@
TH2K2Mi2/V BM  b?`2/@K2KQ`v T`HH2H 2MpB`QMK2Mi\
Ç _Zj, >Qr KB;?i bm+? M H;Q`Bi?K T2`7Q`K UM/ ?Qr KB;?i Bi #2 #2bi BK@
TH2K2Mi2/V BM  /Bbi`B#mi2/@K2KQ`v T`HH2H 2MpB`QMK2Mi\
AM *?Ti2` 9 r2 T`QTQb2/ i?2 T`QD2+iBQM bQ`iBM; H;Q`Bi?K b  TQbbB#H2 Mbr2` iQ
_ZRX h?Bb H;Q`Bi?K T`Q/m+2b  R@/BK2MbBQMH Q`/2`BM; Qp2` i?2 b2i Q7 T`iB+H2b
r?B+? +`2i2b  HBM2` b2`+? bT+2 7Q` i?2 M2B;?#Qm`b Q7 Mv ;Bp2M T`iB+H2- M/ HbQ
Ryy
ii2KTib iQ KBMBKBb2 i?2 bBx2 Q7 i?Bb b2`+? bT+2X h?2 b2`+? bT+2 Bb 2{+B2MiHv
i`p2`b2/ i 2+? iBK2bi2T BM Q`/2` iQ +H+mHi2 7Q`+2bX h?Bb Bb BM +QMi`bi iQ o2`H2i
HBbib- r?2`2 M 2tTHB+Bi HBbi Q7 +M/B/i2 M2B;?#Qm`b Bb #mBHi M/ biQ`2/ QM  T2`@
T`iB+H2 #bBb- M/ `2mb2/ Qp2` KmHiBTH2 iBK2bi2TbX S`QD2+iBQM bQ`iBM;Ƕb TT`Q+?
Q7 HBM2`BbBM; i?2 b2`+? bT+2 HHQrb 7Q` KQ`2 2{+B2Mi i`p2`bH i?M Bb TQbbB#H2
rBi? o2`H2i HBbib- M/ i?2 KMM2` Q7 HBM2`BbiBQM Bb +QKTmiiBQMHHv +?2T2` i?M
i?2 +QMbi`m+iBQM Q7 o2`H2i HBbibX >Qr2p2` T`QD2+iBQM bQ`iBM; Bb MQi 2{+B2Mi r?2M
T`iB+H2b `2 bT`2/ mMB7Q`KHv i?`Qm;?Qmi i?2 bBKmHiBQM bT+2- b BM i?Bb +b2 Bi
`2[mB`2b KQ`2 TB`@+?2+FbX
AM *?Ti2` e r2 bQm;?i iQ Mbr2` _Zk #v BKTH2K2MiBM; M/ QTiBKBbBM; T`Q@
D2+iBQM bQ`iBM; BM  b?`2/@K2KQ`v T`HH2H 2MpB`QMK2Mi- M/ +QKT`BM; Bi ;BMbi
M QTiBKBb2/ BKTH2K2MiiBQM Q7 o2`H2i HBbib BM i?2 bK2 b2iiBM;X q2 2tTHQ`2/ i?2
2{+B2Mi BKTH2K2MiiBQM Q7 i?2 irQ T`BK`v +QKTQM2Mib Q7 i?2 T`QD2+iBQM bQ`iBM; H@
;Q`Bi?K, i?2 bQ`i M/ i?2 7Q`+2 br22T- QM i?2 AMi2H >br2HH M/ EL* `+?Bi2+im`2bX
q2 7QmM/ i?i  i?`2/@HQ+H [mB+FbQ`i 7QHHQr2/ #v  KmHiB@i?`2/2/ K2`;2 vB2H/2/
i?2 #2bi T2`7Q`KM+2 r?2M bQ`iBM;- M/ Q#b2`p2/ KBMQ` bT22/mTb /m2 iQ p2+iQ`B@
biBQMX h?2 7Q`+2 br22T Qz2`b 2t+2HH2Mi ++?2 2{+B2M+v M/ ?B;? T2`7Q`KM+2 BM
T`+iB+2- p2+iQ`BbiBQM BM T`iB+mH` Bb p2`v 2z2+iBp2 ?2`2X
6BMHHv- BM *?Ti2` d r2 bQm;?i iQ Mbr2` _Zj #v BKTH2K2MiBM; M/ QTiB@
KBbBM; T`QD2+iBQM bQ`iBM; BM  /Bbi`B#mi2/@K2KQ`v T`HH2H 2MpB`QMK2Mi- M/ +QK@
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